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SECTION I 

INTRODUCTION 

BACKGROUND 

The Joint DoD-NASA-DoT Study of Research and Eevelopment Contri- 
butions to Aviation Progress (RADCAP) traces its origins to a report 
issued by the Senate Committee on Aeronautical and Space Sciences in 
January 1968. 
dhoued be made t o  analyze Ahe f i M o n A k i p  beh.ueen b e n e d a  that 
a c m e  t o  the  NaLion. (horn aviation and t h e  l e v e l  06 amonauaXcd REV 
ed&MX." 
'la detaiecd a n a l y h h  06 Ahe divmgence ob rn.iLLtmiy and civi l iun amo- 
d c d  r,ecjuimneuz;ts i n  c h d a  Ao a 6 a ~ a  b&m f i e  dimivLisking bene- 
&tx .to c i v i l i a n  ne& @om rniLia%y REV." 

This Committee recommended that "afi ifi-depAh a;tudy 

The Committee also suggested that the study might include 

In response to these recommendations, as well as to a report 
prepared by the House Subcommittee on Advanced Research and Technology 
in March 1970, a Joint DoT-NASA Civil Aviation Research and Develop- 
ment Policy Study, or "CARD" Study, was initiated, with the report 
being published in March 1971. 
examination cf civil aviation benefits to the Nation, the relationship 
of research and development to these benefits, the criteria for 
Government support of civil aviation, and the identification of R&D 
needs appropriate to continued advance in the future. 

This study placed emphasis on an 

Since the CARD Study examined military contributions only in a 
general sense, Mr. William hl. Magruder, Special Consultant to the 
President, suggested in a 9 September 1971 Memorandum to Mr. David 
Packard, then Deputy Secretary of Defense, that a detailed study 
should be conducted to show the following: first, the flow of mili- 
tary technology that has made the U. S. civil air transport industry 
dominant in the free-world; and second, the changes in military re- 
quirements that might indicate that this flow of technology, or per- 
haps the timing of this flow, may no longer be of the same nature as 
in prior years. 
bonus effects of military programs and be valuable to civil aviation 
planning. 

The POD agreed that such a study could highlight the 

The result was the initiation of the RADCAP review. 
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S T L'C Y 0 B J E C T I VE S 

Specific objectives of the RADCAP Study were defined as follows: 

0 To iderdidq t h e  majotr t echnutugicd  adwancu &a.t have 
been made i n  aviaa5on bibice 1 9 2 5  - including bachghound, 
~ p u n b o ~ ,  u n a ,  appLicaLLan, ;timing, and t ~ w n a k .  

0 Tu bhuit' Ahe trelevancy 0 6  c m e r a y  phnned and dunded Dol? 
a e h o ~ ' c d  R E D  phUg&U?L5 a 3  Xhe RED ne& 06 chd akau lb -  
p u k t  awhtiorz - h e A m c h  and XechnoLugy, devdopnent, 
uppLLcaZiun, and Z ~ U K L ~  ~ C Z A  p h U C e 6 b .  

ORGANIZATION AND DIRECTION 

Overall guidance and direction for the study was provided by a 
Steeririg Group comprised of representatives from the DoD, NASA, and 
the DOT. The Study Team consisted of a Working Group and nine Work- 
ing Group Panels. Principal participants are listed inside the back 
cover of this Summary Report (Volume I of the study report). The 
Working Group Panels accomplished the primary effort associated with 
RADCAP's objectives, and the detailed results are incorporated in the 
Appendices to this report (Volume 1 1 ) .  The "Appendices" listing also 
is included inside the back cover o f  this Volume. 

During the conduct of the study, maximum use was made of exist- 
ing data and documentation, as reflected in the Bibliography, and the 
CARD Study was used as the source for the civil aviation RGD needs 
that are discussed in the RADCAP report. 
historical data was obtained from "old-timers" in the R&D community, 
and only the major contribut.ions and technological advances in avia- 
tion, as assessed by the Study Team, have been highlighted in the 
study report. In addition, the focus of this study was on transport 
aviation, rather than on the fighter, interceptor, or bomber aircraft 
that are purely military in nature. 
been kept unclassified in order to facilitate the distribution and 
general use of the information contained herein. 

A substantial amount of 

Finally, the RADCAP report has 

INCLUSIONS ANG EXCLUSIONS 

As the study progressed, it quickly became clear that the mili- 
tary services have made, and will continue t o  make, many significant 
contributions to the progress of aviation. DoD investments in the 
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design, development, production, and operation of aircraft for the 
defense mission, and in related research and technology, have led to 
advances over a broad range of technical disciplines and RDT4E activ- 
ities: propulsion, materials, specifications, manufacturing technol- 
ogy, meteorology, plant and test facilities, electronics, and the 
like. It also became clear that most technological advances involve 
many disciplines and many agencies, and that growth in aviation is a 
very c.omplex and interactive process. 
dedicated and responsive to their individual missions, to work to- 
gether to develop the common base of knowledge needed by all. Thus, 
although NASA, DOT, and other Government and private agencies direct 
much of their attention to civil aviation, they also provide signifi- 
cant support to the military. For this reason, NASA, DOT and other 
agency programs that are joint with the military, or that relate to 
military needs and efforts, also are included in this report. How- 
ever, major emphasis has been placed on DoD activities, and NASA and 
DOT participation has been primarily for background information and 
general expertise. 

This requires organizations, 

It also is important to note that the RADCAP Study is concerned 
only with the relevancy of military aeronautical R&D programs to 
civil aviation R&D needs, and not with the "adequacy" of these pro- 
grams in fulfilling these needs. 
iency", would involve a very different kind of effort. 
the RADCAP Study does not address the financing, competition, or other 
current issues of civil transport aviation. It is expected that these 
questions will be addressed by other agencies in other studies. 

The issue of adequacy, or "suffic- 
Similarly, 

SUMMARY REPORT ORGANIZATION 

0 Section I1 of this report, which follows, contains a summary 
of the results of the RADCAP Study. Included are observations derived 
from the review of significant technological advance, overview remarks 
on the "relevancy" discussion, and the findings of the study. 

0 Section I11 includes the review of the progress that has been 
made in aviation since 1925 and a summary of the significant techno- 
logical advancements that have occurred. 

0 Section IV examines current and planned military aeronautical 
"research and technology" programs, and assesses their relevancy to 
the aeronautical RED needs of civil aviation, as identified by the 
CARD Study. 

Section V describes the relationship of the development base 
generated by military programs to the needs of civil.airliner design, 
development, and production. Included are relevancy and trend assess- 
ments on the hardware transfer process, 
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0 Section VI contains information on aeronautical RED funding. 
Costs and trends in aircraft development are also discussed. 

0 Section VI1 outlines the findings and observations of the 
RADCAP Study. These also have been summarized in Section 11.  
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SECTION I 1  

SUMMARY 

c 

The Joint DoD-NASA-DOT Study of Research and Development Contri- 
butions to Aviation Progress (RADCAP) was initiated in mid-December 
1971 to examine the flow of technology from military aeronautical 
research and development to civil aviation. The h h d y  Wan d d g n e d  
& accampLthh Awo apeci&ic objectiven: ( 1 )  to ideni5dy .the rnajok 
technological advancu Xthat  have been made i n  aviua%n a i m e  1925;  
aid (2) t o  ahow t h e  hdevancy 06 c m e n t  and p h n n d  mLLLtahy amo- 
W d  k u w c h  and dev&pmertt t o  .the R€U needs 06  C i v Z  av&on. 
In essence, the study was a review of the bonus effects of military 
aeronautical RGD programs on civil aviation, and an assessment of 
what these might be in the future. 

MAJOR TECHNOLOGICAL ADVANCES 

The historical review o f  aviation progress in the United States 
resulted in the identification of 51 major technological advances 
occurring since 1925 that were considered by the RADCAP Study Team to 
be especially significant. The review was divided into four time 
periods: 1925-1940, 1941-1950, 1951-1960, and 1961-1972. The results 
of the review show that there were approximately the same number of 
advances, and approximately the same number of advances per year, in 
each of the time periods. 
tained the greatest number of advances per year, indicating the 
effects of the large wartime effort. 

The period that included World War I1 con- 

The year of 1925 was selected for beginning the study due t o  
the increase in public awareness of aviation, and the resultant activ- 
ity that was directed to aviation, at about that time. U. S. aviation 
really began prospering and growing in the late Twenties. 
number of the early advances, which were largely airframe and engine 
oriented, were stimulated by civil aviation needs, and nearly all were 
influenced by the work of Government agencies. 

c~de have c h C / t e h z e d  n1oa-t 06 t h e  aigM.idicayLt tcchnotogicut advanceb 
that have been made. 
tu$, and ev&&on ua~U.&$ have pkovkfed ;the h h  doh t h e  accefl- 
ance and uae b y  c i v i l  a v u i o n  06 .the t e c h n o l o g i d  advancemena. 
jet airliner is probably the best example of the civilian application 
of the military sponsored research, development, and production base. 

A large 

EapechUy aince Wahed W a  17 ,  mi,t%tahy aponbo&bLp and d h t  

Fun;thetono~e, m-y k u m c h ,  devcdopment, 

The 
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About 70 percent of the major technological advances in aviation 
since 1925 are the result of military sponsorship. 
cent were sponsored by civil agencies of  the Government. 
ing advances were sponsored by the private sector, including aero- 
space and airline industries. 

vart iat iv izb in t h e  Itime 
d e m o n 6 W o r z  06 a 44nidi.can;t ;technologic& advance and t h e  4dt 
opetratiamal ude by m d ! h b y  OIL C i v a  avkx.LLon. However, the average 
time lags f o r  the advances studied were 3.04 years for the military, 
and 5-19 years for civil aviation. The shorter time lag to use by 
the military reflects the urgency often associated with the superior 
aeronautical performance required for the national defense. 

a v U n  h a  been mcurhed by t h e  eddohts 06 many con;thibu.tou. 
eral advances have had their basic origins in foreign countries, with 
the U. S. exploiting them in further development and use. 
nical disciplines and sciences in many areas are involved, such as 
those in meteorology, human factors, and aviation medicine that are 
often not considered. I n  addi;tian, Gavenment non-deberne a g e n c h ,  
whethe& ;the need has devetoped @tom mLLLtany 04 phiva;te bectotl a u k -  
Z b n  bowrce6, haue been hey canthibutom ;to ;the phogkesb t h r r t  ha6 been 
achieved. 

Another 20 per- 
The remain- 

The h d e c t e d  advances me. d i v m c  i n  na;twre, bo t b ~ e  me wide 
u p h e n c e d  between ;the e x p e h k e d  

The S h d y  T m  wa6 h p u m e d  by t h e  6ac;t ;tl@ t h e  p o g t e s h  ob 
Sev- 

Also,  tech- 

Another observation is that recent advances show a trend to 
total system consideration in growing recognition of the fact that 
the aircraft itself is only one part of a larger capability problem. 
The military has pioneered in this area of integrated system design, 
and now civil aviation is adopting a similar approach. 

MILITA~RY "TECHNOLOGY" RELEVANCY TO CIVIL AVIATION NEEDS 

The major problems of civil aviation that require increased 
emphasis and high priority RGD programs, as outlined in the recently 
completed Joint DOT-NASA Civil Aviation Research and Development 
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(CARD) Policy Study, are noise abatement, relief of congestion in 
areas of high traffic density, and low density short-haul transporta- 
tion. Additionally, there are other problems of high importance to 
the future of civil aviation, especially those relating to long-haul 
transportation (including the possible advanced supersonic transport 
consideration), air pollution, air cargo and the broad technology 
base supporting all of these. 

In both noise abatement and air pollution, the military services 
are major participants in several interagency programs, and separately 
are conducting a wide variety of fundamental research and technology 
programs. In noise abatement, however, the military projects are just 
getting underway, and so the relevancy assessment is "low", with an 
upward trend indicated. In air pollution, on the other hand, the 
military has been active for several years, so the relevancy assess- 
ment is "moderate", with an upward trend also indicated. 

In the airways aspect of congestion, it is clear that the mili- 
tary services have many important air traffic control, navigation, 
and communication research and technology programs. Accordingly, a 
Ithigh" relevancy rating is assigned. 
congestion, however, only military runway efforts seem pertinent to 
the civil problem. Thus, the relevancy assessment is "low". No 
change in trend in either case is anticipated. 

Regarding the airport aspect of 

The degree of compatibility between military research and tech- 
nology programs and the short-haul transportation R&D needs of civil 
transport aviation also is clearly "highv1. The numerous helicopter, 
STOL, and VTOL efforts of the military certainly will be beneficial 
to civil aviation. 

In long-haul transportation, there are several significant mili- 
tary research and technology efforts with important spin-off possi- 
bilities. However, only a "moderate" relevancy assessment was made 
because it cannot be show that the military projects are broad-base 
in nature when all of the long-haul RGD needs are considered. In 
addition, a downward trend is indicated because the military does not 
have any long range transport aircraft development programs under 
active consideration at this time. 
future military RED programs in this area could decrease. 

Thus, the extent and number of 

In air cargo RED,  relatively few new military projects are in 
progress. 
cargo handling and containerization still are being made, a I1moderate" 
rating has been assigned. 

However, because of past work, and because improvements in 

Finally, the relevancy of the underlying technology base devel- 
oped as a result of military programs is excellent in all of the dis- 
ciplines, and a relevancy assessment is the result. 
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M I L I T A R Y  "DEVELOPMENT" RELEVANCY TO A I R L I N E R  DEVELOPMENT 

A review of the contributions of the military aeronautical 
"development" base to civil transport aviation also was accomplished. 
Six case studies were made to examine the application and transfer of 
aeronautical technology and hardware to civil airliner design, devel-. 
opment, and production. 

d~ah that ,the mili- imy technology and b d w e  d e v d o p d  1;t 
doh Xlze podt-Wohtd Wm 17 awept wing jct p o ~ m e d  aihWd;t ptLovded 
Rlze ban& &am which 2he d h t  commmciae Aubbonic j e A  Rtranbpom 
W J L ~  developed and phoduced. However, a reduction in large military 
aircraft development beginning in the mid-1950s has diminished the 
direct transfer of hardware, and the direct application of the mili- 
tary development base (manufacturing technology, tooling, plant and 
test facilities, production methods, etc.), to the development of 
civil airliners and transports. 

'on 06  rniLLtmy pto,totype phogmmb, ;tug&ha The h&Ce& i w  
vLth a continuing dRhong RSV p t o g m ,  W d e m o n b M e  ;the 6 c a s i b - X -  
Lty and opur.a~Xaulde c a p a b U e b  05 new aehovlau;tccae. ' concepL5. For  
example, the proposed Advanced Medium STOL Transport prototype could 
provide much of the design data and experience needed for development 
of a commercial Medium STOL Transport for short-haul transportation. 
In this area, the downward trend in hardware transfer may improve. 

, ,  

The -tteizd i n  ,the Rnan~6m 06 h a t r c h ~ ~ e  and development expenience 
@on1 t h e  n i k i h t y  Ita h g e  l a n g - h a u t  comma& ~~~t deveRopmevLt 
haLs been d a w m d .  Even though much fundamental work in technology 
is underway, the future is uncertain. If an improved subsonic com- 
mercial airliner should be desired, the transfer could be significant. 
However, if an advanced supersonic transport should be desired, espe- 
cially if needed by the rnid-l980s, development effort would have to 
be expanded and accelerated. The current absence of a firm military 
need for a new long-haul transport, either high subsonic, transonic, 
or supersonic, could significantly impact the technology and develop- 
ment base that historically has existed in the long-haul area. 

M I L I T A R Y  AERONAUTICAL FUNDING TRENDS 

The Long X m  &end i n  U, S. amonaultical REV experLdi;twrU 
upumd dm & t h e e  mnjoh elme& 06 t h e  R O W :  Fed& dederue, 
Fedma1 nun-debeme, abzd i.Mc(uA;DLy. 
sal in national aeronautical goals, the general increase in funding 

Unless there is a complete rever- 
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for aeronautical RGD is expected to continue. 
tion considered, the trend is still slightly upward for all elements. 
kiowever, since 1954, the availability of aeronautical R&D funds, taken 
as a percentage of the ever-increasing Gross National Product ( G N P ) ,  
has suffered a severe reversal in the former upward trend. 

With economic escala- 

Vev&o)wnevLt cob& 06 n u t  ainch.a6t have been d i n g  much make 'rap- 
a1.y R h m  Xhe RLIXQ. 06 hmzahe in ae/ronau*ticae RSD bunds. 
have risen because modern aircraft, whether military or civilian, have 
become increasingly complex and sophisticated in the drive for im- 
proved performance and productivity. Any decrease in the relevancy 
of the military aeronautical R&D program to the needs of civil avi- 
ation could add even further to the already increasing costs of civil 
airliner development. 

The costs 

SUE?MARY OF STUDY FINDINGS 

The findings are based on the assumption that currently 
funded and programmed military aeronautical RGD programs will con- 
tinue to completion. 
below: 

The findings of the RADCAP Study are summarized 

0 Government sponsorship, primarily military, has provided 
most of the significant technological advances that have been made 
in U.S. aviation. 

0 Early military application of technological advances in 
accomplishing the defense mission has provided the basis for their 
acceptance and use in civil aviation. 

0 Other bonus effects, or spin-off benefits, of military aero- 
nautical RED have been extensive - manufacturing technology and tech- 
niques, production methods, tooling, and plant and test facilities. 

0 The military aeronautical R$D program, in support of defense 
objectives, will continue to be substantial. 

0 With possible exceptions in the area of large, long range 
transonic and supersonic cruising aircraft, the research and tech- 
nology generated by the military RGD program will continue to be 
available for civil aviation application, essentially as in the past. 
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0 The b e n e f i t s  accruing t o  c i v i l  a v i a t i o n  from t h e  m i l i t a r y  
sponsored development and production base,  however, have decreased 
i n  both relevance and importance. 

0 In short-haul t r a n s p o r t a t i o n ,  t h e  downward t r end  i n  t h e  
hardware t r a n s f e r  process  should r eve r se ,  and relevancy 
should begin t o  improve. 

0 In long-haul t r a n s p o r t a t i o n ,  l i t t l e  change t o  t h e  cu r ren t  
"low-to-moderate" relevancy s t a t u s  i s  f o r e c a s t .  
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S E C T I O N  I 1 1  

MAJOR T E C H N O L O G I C A L  ADVANCES I N  A V I A T I O N  

This section of  the RADCAP report summarizes the major techno- 
logical advances that have been made in aviation since 1925. The 
discussion is divided into four time periods: 1925-1940, 1941-1950, 
1951-1960, and 1961-1972. Each review is preceded by a brief resume 
of the important historical events that impacted on the progress of 
aviation during the period under discussion. 

As noted in the introduction, the selection of a relatively few 
"major technological advances" from the many achievements that have 
marked the growth of aviation was a very difficult and subjective 
process. 
advance as "major" centered on timeliness, magnitude, and overall 
applicability to aviation progress. 
value of the advance to the solution of RED problems slowing growth 
in aviation, or to the removal of obstacles preventing desired 
improvements in aircraft capability. 
basis of available data and documentation, on the recollections and 
judgment of the Study's advisors, and on a careful evaluation of the 
total uorth of  the listed advance to the overall progress of avia- 
tion. 

The rationale or criteria used in selecting a particular 

A major consideration was the 

Assessments were made on the 

Lhkinga 06  f e c h ~ ~ ~ l ~ g i ~ ~ l .  advancu auch a~ thoae comp.Lled i n  
ai.& m ~ p a t r ; t  d o  not  u c o g n i z e ,  haweve&, t h e  many o.the,t udvancu, .the 
vast  mourzt a d  ba&c hecleak,Ch, .the pahAtuf-Ling dev&opent  04 
crlgirzemitig datu, Xthe complex and vahied i n t ~ c t . i o n ~  0 6  people and 
ot rgan iza t ion? l ,  the  dynamic intachange 06 in(omaLion and hiean, otr 
Xhe magniahde 06 t h e  toM naaXortde involvement t h a t  have made Lt 
a&! p o b b i b t e .  
b a i c  and v L t d  inghedievctn, O h  dounddtionb, It0 any technological 
ackievement. 

T h a e  comidemtionb &ya m u n t  be heggatrded a 

The singularly important role of ground and flight test 
facilities in the development of aeronautical systems, for example, 
has not been specifically addressed in the RADCAP report. However, 
the contributions of the U.S. Government in providing the expensive 
test facilities so necessary to t h e  development of modern aircraft 
must be recognized throughout this report on aviation progress. 
test facility story, like many others, is an entity in itself. 

The 
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I 

A M E R I C A N  A V I A T l O P l  I N  1 9 2 5  

The year of 1925 was se l ec t ed  as t h e  appropr i a t e  s t a r t i n g  
po in t  f o r  RADCAF's  h i s t o r i c a l  review o f  a v i a t i o n  progress  because of 
t h e  r e b i r t h  o f  purpose and general  reawakening t h a t  began t o  charac- 
t e r i z e  U.S. a v i a t i o n  during t h a t  year .  Even though t h e  a i r p l a n e  had 
been developed and flown by t h e  Wright Brothers i n  t h e  United S t a t e s  
i n  1903, foreign na t ions  were t h e  f i r s t  t o  recognize t h e  outs tanding 
p o t e n t i a l  of t h i s  machine. By 1914, f o r  example, when World War I 
began, Germany, France, and England had over 2,200 combat a i r p l a n e s  
ready f o r  act ion.  By c o n t r a s t ,  t h e  U.S. had produced less than 50 
m i l i t a r y  a i r c r a f t  by t h a t  d a t e ,  and only a few more c i v i l  a i r c r a f t  - 
about 60. Though production o f  a i r c r a f t  increased d rama t i ca l ly  i n  
t h e  U.S. during t h e  war years  t o  a peak of over 14,000 i n  1918, t h e  
end of t h e  war brought t h i s  upward t rend t o  a sudden h a l t .  
a post-war low was reached when only 263 new m i l i t a r y  and c i v i l i a n  
a i r c r a f t  were produced. 

In 1922, 

Fortunately,  however, many Americans had recognized t h e  lagging 
pos i t i on  of t h i s  country i n  ae ronau t i ca l  research.  In 1911, f o r  
example, a proposal was made t o  Congress t h a t  t h e  Smithsonian 
I n s t i t u t e  be given r e s p o n s i b i l i t y  f o r  e s t a b l i s h i n g  an Aeronautical  
Research Laboratory. When Congress did not  approve, t h e  Smithsonian 
then recommended, i n  1915, t h a t  a National Advisory Committee f o r  
Aeronautics be e s t ab l i shed .  Congress approved, and t h e  NACA, t o  
become NASA i n  1958, was born. Two years  l a t e r  work began on i t s  
new laboratory - t he  Langley Memorial Aeronautical  Laboratory, now 
t h e  Langley Research Center - near  Hampton, V i rg in i a .  

Soon t h e r e a f t e r ,  an A c t  of Congress i n  J u l y  1921 c r e a t e d  t h e  
Kavy Bureau o f  Aeronautics with r e s p o n s i b i l i t i e s  i n  matters p e r t a i n -  
ing t o  Naval Aviation, and i n  March 1924 t h e  House e s t a b l i s h e d  t h e  
Lampert Committee t o  examine quest ions and i s s u e s  p e r t a i n i n g  t o  
U.S. a i r  services .  

Later,  i n  1925, t h e  Department of  Commerce and . the American 
Engineering Council formed a j o i n t  conunittee t o  survey t h e  n a t i o n a l  
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development of commercial aviation in the United States. 
recommendations on air navigation, facilities, licensing of pilots, 
inspecting and registering aircraft, and promoting public confidence 
and interest helped set the stage for the rapid growth soon to 
follow. One of the recommendations, of particular interest to this 
report, was that Government should carry on fundamental research in 
furthering the cause of civil aviation. In addition, in 1925, 
President Coolidge responded to the years of compromise and contro- 
versy over aviation, and particularly to the public outcry raised by 
the criticisms of Billy Mitchell, by appointing the Morrow 
Commission to study the best means of "developing and applying 
aircraft in the national defense" and "creating a strong commercial 
service" to support this capability. Among the actions resulting 
from the Commission's findings were the establishment of the Army 
Air Corps and the passage of the Air Commerce Act, both in 1926. 

Its 

All of these events, then, reflected a new interest in the 
airplane and its potential. 
and advancement that soon would permit the United States to become 
the world's foremost nation in aeronautical achievement. 

The stage was set for the rapid growth 

A M E R I C A N  A V I A T I O N  - 1925-1940 

GROWTH AND PROGRESS 

The peniad 6hom 1 9 2 5  t o  1940 i~ one. i n  u$Uch ;the U.S. C e d g  
oventook ;the d y  Ewopeun Lead i n  a v w o n .  L i n d b m h ' a  kiba3)Lic 
crrohaing 06 t h e  AaYan;tic, ;the a p e c t a c w  auccuh 0 4  t h e  VC-3, 
Am&can geogmphy and t h e  AmetLican bent  doh &av& and t h e  ai&- 
6icanteg i n m e a b e d  a t t e n t i o n  being g i v e n  20 Xhe devetopment 06 U.S. 
n c e c b r g  &m@ wehe pahapa  t h e  mob2 impomknt bingLe 6aCtot~d i n  
X k i b  acluevement.  

In 1926, the Ford Trimotor became the first successful large 
It brought cruising speeds up to airliner to be built in America. 

105 miles per hour. 
America's first challenge to the lead in transport design so long 
held by Fokker and Junkers; and, by 1928, Commander Byrd had flown 
over both poles. 

By 1927, the Lockheed Vega appeared as 

In 1931, the Boeing YB-9, an all-metal prototype bomber with 
a speed (188 mph) greater than that of contemporary pursuit ships, 
was flown and tested; and, by 1935, Pan-American transpacific 
"Clipper" service had begun. Also, in 1935, the XB-17, the four- 
engine prototype predecessor o f  the well-known "Flying Fortress" 
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f i r s t  flew. 
world 's  l a rges t  t r a n s p o r t ,  made i t s  f i r s t  p u b l i c  appearance i n  
a f l i g h t  from N e w  York Ci ty  t o  Chicago, and t h e  p re s su r i zed  Boeing 
307 S t r a t o l i n e r  entered s e r v i c e  a year  l a t e r .  
1940, American domestic a i r l i n e s  were ca r ry ing  over 2,000,000 
passengers a year i n  a new record f o r  t h e  a i r  t r a n s p o r t a t i o n  
indus t ry .  

In 1939, t h e  42 passenger DC-4, a t  t h e  time t h e  

S i g n i f i c a n t l y ,  by 

During t h i s  pe r iod  world records i n  endurance, range, a l t i t u d e ,  
and speed were r o u t i n e l y  being se t  and broken by U . S .  p i l o t s  f l y i n g  
U.S. a i rcraf t .  In 1931, a world d i s t a n c e  record o f  over 5,000 miles 
was es t ab l i shed  i n  a f l i g h t  from Floyd Bennett F i e ld  t o  I s t anbu l ,  
Turkey; i n  1935, Howard Hughes set  a land p l ane  speed record of  over  
352 miles  per hour; and i n  1939, an all- t ime, refueling-endurance 
record of  726 hours,  one f u l l  month, was set. 

This period a l s o  saw t h e  rise and f a l l  of another  form of a i r  
t r a n s p o r t a t i o n ,  t h e  d i r i g i b l e .  Af t e r  a s e r i e s  o f  major t r a g e d i e s ,  
including the Shenandoah, I t a l i a ,  R-101, Akron, and Macon, t h e  
Hindenberg d i s a s t e r  a t  Lakehurst i n  1937 wrote a f i e r y  f i n i s h  t o  
t h e  e a r l y  promise of  passenger ca r ry ing  a i r s h i p s .  

Fedud  m L c  i n  av&vn, much beyond ;that 0 6  ;the devdapment and 
o p m L i v n  0 6  t h e  airtluay~ ~yb;teni, and ;the C i v a  Amvnuu;tia A c t  ad 
1938 pused. T k i n  AcR cneated t h e  independent  C i v i l  A m -  
nauLicb Au.thutLi;ty and became ;the bank b w e  (a& ;LegduRa;tion ad 
c i v i l  av.iu22uvr. 

By 7 9 3 8 ,  ;the Xime h d  cvme doh a majoh expamion ad t h e  

And, by 1940, t h e  a i rc raf t  i ndus t ry  had become b i g  business .  
I ts  backlog o f  o rde r s  was over $2 b i l l i o n ,  i t s  exports  were over  
$300 mil l ion,  and i t  produced over 12,000 aircraft  t h a t  year .  

Thus the period from. 1925 t o  1940 saw a v i a t i o n  become a basic 
ing red ien t  t o  t h e  American way o f  l i f e .  
commercial, and p r i v a t e  - was marked by a cons t an t  series o f  "head- 
l ine ' :  events,  and t h e  pub l i c  now accepted t h e  a i r p l a n e  as being 
a c t u a l l y  capable of  everything t h a t  i t s  champions had claimed for  it. 

I t s  progress  - m i l i t a r y ,  

SIGNIFICANT TECHNOLOGICAL ADVANCES - 1925-1940 

The spectacular  advancements i n  a v i a t i o n  during t h i s  pe r iod  
would have been impossible without p a r a l l e l  advances i n  t h e  techno- 
l o g i c a l  base. In t h e  d r i v e  t o  f l y  fas ter ,  h ighe r ,  and f u r t h e r ,  it 
was e s s e n t i a l  t h a t  improvements i n  engines,  airframes, a i rc raf t  
handling and c o n t r o l ,  and f l i g h t  ope ra t ions  and s a f e t y  be achieved. 
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However, as has been characteristic of the entire history of avia- 
tion, the solut.ion to any one problem usually led to the discovery 
of still other challenges in achieving further progress. 

0 Advances in Engine Performance 

A series of major technological advances during the period 
resulted in improved engine power and efficiency that, in turn, 
permitted improvement in aircraft range, speed, payload, and economy 
of operation. 
mdiae a i ~ - c c ~ o l c ? d  engine, kigheh oczkno iu&, aupmchahging, and t h e  
co#1R;h-oUable. W c h  phOp&W. 

The d o t e m u ~ f  0 6  t h u e  wetre ,the development v d  the  

R a d i a l  Ai&-Cooled  Engine - The most significant engine 
achievement of this Deriod undoubtedly was the introduction 
and use of the radiai air-cooled engine. 
successful, nine cylinder, 200 hp model J-1 engine was 
developed by Lawrance with Navy funding starting in 1920. 
The engine passed its 50 hour test in 1922 and began flight 
tests soon afterward. 
progressively improved in the years that followed and, in 
1925, Wright Whirlwind radials powered the first practical 
passenger-carrying transport aircraft in the U.S.  - the 
Fokker F - 7  tri-motor. In 1927, a model J-5 engine powered 
Lindbergh's transatlantic flight. Competitive developments 
of the two leading U.S.  engine firms, Wright and Pratt and 
Khitney, then led t o  radial engines of over 3,000 horse- 
power later in the period, 

The highly 

This basic engine design was 

High Octane Fuels - In 1925, aviation gasoline only had 
an octane rating of about 50, although active research to 
improve fuels had been underway for years. This low octane 
rating was recognized as a limiting factor on the allowable 
compression ratio and efficiency of engine designs, a fact 
which led the military to stimulate the development, test, 
and use of higher octane aviation fuels. 
performance that resulted led both the Army and Navy to 
adopt 100 octane fuel as standard in 1936. 
however, continued to use the lower cost 90 octane fuels 
until after World War 11. 

The superior 

The airlines, 

Supenchufiging - The need to overcome the limitations to 
high altitude flight became very important to the military 
following World War I .  
supercharger development as early as 1918, it was not until 
1927 that the Pratt and Whitney "Wasp", the first U.S. 
production engine with a gear-driven supercharger, was 
introduced. 

Although the military had funded 

From 1930 on, virtually all production engines 
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for military and civil transport applications incorpo- 
rated some form of supercharger. 
of "turbosupercharging" to a military aircraft was the 
Consolidated P-30, later designated the PB-2, in 1935. 
The first heavy bomber with turbosuperchargers was the 
Y1B-17 in 1938. Following this, the Wright R-1830-51 
engine was turbosupercharged to yield 1,000 hp at 25,000 
feet, with these engines being used to power the B-17B. 
Commercial transport aircraft did not incorporate 
turbosuperchargers until the advent of the Boeing Strato 
cruiser in 1949. 

The first application 

Con,tmLCabLe P i t c h  PhupeLLetrb - Early fixed-pitch 
propeller designs were a compromise between the different 
pitch settings that-were best for take-off and cruise 
flight conditions. Because this compromise did not 
permit optimum performance, the Navy initiated a develop- 
ment program for controllable pitch propellers with 
Hamilton Standard in March 1931, and an early design was 
tested on a Navy Curtiss F6C-4 in September. 
is the individual credited with development of the first 
practical controllable pitch propeller in 1932 while 
associated with the Hamilton Standard Propeller Company. 
The Navy used variable pitch propellers operationally as 
early as 1933 on Boeing F4B-4s. 
propeller also was incorporated in the Boeing 247 
commercial transport in 1933. 
constant-speed propellers, with automatically controlled 
pitch, begin in 1934. 

Caldwell 

This two-position 

Conversion to the improved 

Retkac tab le  Landing Ceatr - By the early Twenties, the 
aerodynamic drag of fixed, extended landing gear had become 
a severe limitation to the achievement of higher speed 
flight. Thus drag was considerably reduced with the advent 
of a retractable system. Though an early experimental 
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conf igura t ion  was t e s t e d  i n  t h e  A i r  Corps Dayton-Wright 
XPS-1 of  1921, it was not  u n t i l  1930 t h a t  r e t r a c t a b l e  
landing gear  appeared on an ope ra t iona l  a i r c r a f t  - t h e  
Boeing Monomail t r anspor t .  This advance, however, was 
not  used i n  production m i l i t a r y  a i r c r a f t  u n t i l  t h e  Navy 
first flew i t s  Grumman XFF-1 f i g h t e r  i n  1931. The b a s i c  
XFF-1 l i n e  grew t o  include t h e  l a t e r  F2F and F3F s e r i e s ,  
with a t o t a l  o f  248 a i r c r a f t  b u i l t .  In t roduct ion  i n t o  t h e  
inventory of t he  Martin B-10 bomber, which a l s o  had 
r e t r a c t a b l e  landing gear, occurred a few yea r s  la ter .  

NACA C o w l i n g  - In s p e c i f i c  response t o  t h e  m i l i t a r y  
need f o r  improved a i r c r a f t  performance, sys temat ic  
t e s t i n g  i n  wind tunnels a t  t h e  Langley Research Center  
l ed  t o  t h e  design of the  NACA Cowling i n  1928. This 
cowling not  only reduced aerodynamic drag b u t ,  with t h e  
add i t ion  of  b a f f l e s  between t h e  cy l inde r  heads,  a l s o  
improved the  cool ing e f f i c i e n c y  of  t h e  r a d i a l  a i r -cooled  
engines previously discussed. 
on an A i r  Corps Cur t i ss  AT-SA a i r p l a n e  i n  1928, it per -  
mi t ted  a speed increase from 118 t o  137 mph, t h e  
equiva len t  of  83 addi t iona l  horsepower i n  engine per -  
formance. 
and NACA received t h e  1929 C o l l i e r  Trophy f o r  t h i s  
development. The NACA Cowling soon became t h e  s tandard  
enclosure f o r  a i r -cooled engines.  
" A i r  Express", r e b u i l t  from a prototype and f i t t e d  with 
t h e  NACA Cowling, was c e r t i f i e d  i n  J a n m r y  1929. M i l i t a r y  
use occurred i n  1932 on t h e  Martin XB-10 pro to type ,  t h e  

When first incorpora ted  

This was recognized as a major achievement, 

The Lockheed Vega 

X B - 90 7A. 

Stkesaed-Shin Metal Aihpgane - I n i t i a l l y ,  i n  t h e  
cons t ruc t ion  of  metal a i r c r a f t ,  t h e  metal sk in  was used 
t o  c a r r y  l o c a l  a i r loads  i n  t h e  same manner as f a b r i c .  
During t h e  1925-1928 time per iod ,  however, Wagner i n  
Germany and Northrop i n  t h e  United S t a t e s  saw p o s s i b i l i -  
t i e s  f o r  improvement, and independently evolved t h e  
theory  f o r  a l l -me ta l  s t r e s sed - sk in  cons t ruc t ion .  
new design discovery employed t h e  metal s k i n  as an 
i n t e g r a l  p a r t  o f  t h e  air f rame.  
metal supported a t  the edges t o  c a r r y  s i g n i f i c a n t  loads  
permit ted g r e a t l y  improved s t r u c t u r a l  e f f i c i e n c y  and 
l i g h t e r  weight a i rp l ane  cons t ruc t ion .  
four  l a r g e  s t ressed-sk in  metal a i r p l a n e s  were designed 
and b u i l t  ilsing varied methods of  cons t ruc t ion .  
were, i n  o rde r ,  t h e  Boeing Monomail; t h e  Northrop Alpha; 
t he  Boeing XB-901, from which t h e  commercial 247 a i r c r a f t  
was der ived;  and t h e  Martin XB-907A, known as t h e  B-10 i n  
i t s  product ion version. In add i t ion ,  t h e  Boeing XP-9 

This 

The use of  t h i n  shee t  

Beginning i n  1930, 

They 
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was built as the first stressed-skin all-metal pursuit 
aircraft. It flew in November 1930. 

ALminum ALLcyd - The light weight and versatility of 
aluminum have made it the material of greatest use in the 
aircraft industry. Although the Wright Brothers used 
aluminum in the engine of their 1903 airplane, it was not 
until the mid-Twenties that aluminum alloys were developed 
with sufficient strength for aircraft structural use. 
Duralumin, which was developed in Germany about 1925, 
became the first high strength, heat treatable aluminurn 
alloy. Then, in 1931, the 2024-T3 aluminum alloy, with a 
25 percent higher yield strength was developed by U.S. 
industry. 
299 (XB-17) and the DC-3. 

This alloy was used in 1935 on the Boeing Model 

Advances in Aircraft Handling and Control 

H i g h  L i d t  P e v i c e ~  - Several high lift devices, 
including wing flaps, were developed in this time period. 
The simplest form of flap is a section of the trailing edge 
of a wing that can be hinged downward to increase the lift 
and drag of  the wing. 
to permit slower and more steep approaches for landing. 
The Fowler Flap, which was invented as a private venture in 
the mid-l920s, had the additional advantage of increasing 
the wing area, thus producing additional lift for improved 
take-off performance. 
t o  minimize landing speed appeared on the Curtiss A-8 Shrike, 
which entered service in 1932. 
cation was the incorporation of  split flaps on the Douglas 
D C - 1 ,  which first flew in 1933. 

The initial advantage of flaps was 

The first military use of wing flaps 

First use in a civil appli- 

A u t o p i . l o R  - The ability to operate aircraft in level 
flight under automatic control was made possible by the 
autopilot. This device evolved over a long period of time, 
and was pioneered by Sperry in the United States. 
successful test of an early Sperry gyrostabilized pilot in 
a Navy F5L was completed in 1920. 
successfully used the Sperry A-2 three-axis autopilot in 
his round-the-world flight in the Lockheed Vega 5-C. The 
system included gyros with pneumatic pickoffs and three- 

A 

In 1933, Wiley Post 
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axis con t ro l  with propor t iona l  hydrau l i c  servos.  
A-2 a u t o p i l o t s  were f i r s t  employed aboard DC-1 and DC-2 
a i r c r a f t  i n  1935. The first m i l i t a r y  use  of  t h i s  a u t o p i l o t  
was i n  t h e  B-18A, i n  1936. Four electric a u t o p i l o t  des igns  
were subsequently developed and widely used by U.S. 
m i l i t a r y  a i r c r a f t  during World War 11. 

Sperry 

Standahd A t m a b p h e h e  - In t h e  e a r l y  1920s, wi th  a l l  of 
t h e  advances i n  aeronaut ics ,  engineers  requi red  increased  
knowledge and more accurate  d a t a  on t h e  c h a r a c t e r i s t i c s  of 
t h e  atmosphere. 
n a u t i c a l  des igners  concerned with a i r c r a f t  i c i n g ,  
propuls ion systems, and a i r c r a f t  p re s su r i za t ion .  In  
response,  NACA i n  1925 developed t h e  first modern Standard 
Atmosphere, a d a t a  book which desc r ibes  the  v e r t i c a l  
s t r u c t u r e  of t h e  atmosphere i n  terms of  temperature,  
humidity, p ressure ,  and dens i ty .  By 1936, a n a t i o n a l  
network of v e r t i c a l  atmospheric soundings was e s t a b l i s h e d .  
The d a t a  co l l ec t ed  led t o  f u r t h e r  knowledge and t h e  
development o f  an improved Standard Atmosphere. 
network a l s o  provided t h e  background f o r  t h e  development 
of improved upper-air  observa t ion  systems which inc lude  
wind measurements e s s e n t i a l  t o  prepar ing  accura te  a v i a t i o n  
weather f o r e c a s t s .  

This information was e s s e n t i a l  t o  aero-  

This  

D e - i c i n g  - Because of t h e  many a i r p l a n e  c rashes  d i r e c t l y  
t r aceab le  t o  i c i n g ,  and because o f  t h e  many o t h e r  hazards  
a s soc ia t ed  with t h i s  problem, t h e  sub jec t  of i c e  formation 
on aircraft came under i n t e n s i v e  i n v e s t i g a t i o n  i n  1928, 
when a conference was he ld  by t h e  Department of  Commerce, 
Army, Navy, NACA, and t h e  National Bureau o f  Standards.  
Between 1928 and 1931, f l i g h t  tests and r e f r i g e r a t e d  wind 
tunnel  tests by NACA i d e n t i f i e d  t h e  primary forms o f  i c e  
which could be encountered, t h e  e f f e c t  of such formation on 
a i r c r a f t ,  and t h e  d i r ec t ion  f o r  f u r t h e r  i n v e s t i g a t i o n .  
E l e c t r i c a l ,  mechanical, and chemical methods of de- ic ing 
were explored. Pneumatic i n f l a t a b l e  d e - i c e r  boots  were 
developed and widely used on wing and empennage leading  
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edges. Heated wing concepts were developed later. Other 
major benefits from these early efforts included alcohol 
spray for propellers, alcohol spray and wipers for wind- 
shields, electrically heated airspeed sensing probes, and 
carburetor anti-icing equipment. In 1935 de-icer boots were 
installed on the Douglas XB-18, and also were used on the 
TWA DC-2 commercial aircraft. 

C a b i n  P h C b b U h i Z a X i O V l  -As a result of the early 
realization that high altitude flight offered many 
advantages, several exploratory investigations were con- 
ducted early in this time period on the effects of altitude 
on humans, and on survival at various levels in the upper 
atmosphere. Cabin pressurization seemed to offer the most 
promise, and a variety of pressure tank and other experi- 
ments were devised. The first successful demonstration of 
cabin pressurization was accomplished by the Air Corps in 
a Lockheed XC-35 aircraft in 1937, The Boeing 307 
Stratoliner commercial transport, which flew in late 1938, 
then became the first-production aircraft with cabin pres- 
surization. Successive improvements have been made, and 
now high altitude operations proceed routinely while cabin 
pressures are maintained at a safe "altitude-level equiva- 
lent" of 8,000 feet or less. 

Two-Way R a d i o  CommunicaXion - In recognition of the 
need for air-to-ground communications, several telegraphy 
and radio demonstrations were accomplished in the early 
Twenties. By 1928, the military had two-way radio 
equipped aircraft in operation. 
Corps was experimenting with a C-2 radio laboratory air- 
plane that included two-way radio telephone equipment for 
communication between the air and ground. Navy squadron 
VB-2B also was provided with radio telephone equipment 
in 1928. 
Telephone Laboratories conducted a survey of the special 
needs of aviation for radio communications, and by 1929, 
two-way radio was introduced into commercial aviation. 

At that time the Air 

During that same year Boeing and the Bell 

SIGNIFICANT TECHNOLOGICAL ADVANCE SUMMARY - 1925-1940 
From the preceding discussion of significant technological 

advances during the 1925-1940 time period, it is clear that there 
were many major achievements that contributed, in one or many ways, 
to the rapid progress that was taking place in U.S .  aviation. 

Table 1 is a summary listing of the advances, and a footnote 
to the table explains the headings that are used. Most of the 
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advancements were Government sponsored, seven by the military and 
three by the civil agencies. 
between military and private sector aviation, with the average time 
lag for use being about three years for the military and three and 
one-half for civilian aviation. As noted before, the advances were 
in materials and structures, engines and airframes, equipments and 
subsystems - and not concentrated in any one area. 

"First" use was divided equally 

Table 1* 

Significant Technology Advances - 1925-1940 

ADVANCE 

RADIAL AIR-COOLED ENGINES 

RETRACTABLE LANDING GEAR 

STANDARD ATMOSPHERE 

!IIGH L!FT DEVICES 

SZPERCHARG I NC- 
NACA CC!nlL I NG 
DE- I c I NG 

TW!C-\!JAY RADIO COMMUNI CATION 

STRESSED-SKIN METAL AIRPLANE 

ALUMIRUM ALLOY 

CONTROLLABLE- P ITCH PROPELLERS 

A UT0 P I LOT 

H I GH OCTANE FUELS 

CAB1 N PRESSUR IZAT l  ON 

DATE 

1920 

1921 

1925 

I927 

1927 

1928 

1928 

1928 

1930 

1931 

! 932 
I933 

1936 

I937 

SPONSOR 

GOVT MIL  

GOVT M I L  

GOVT C I V  

PVT SECT 

GOVT M I L  

GOVT C I V 

GOVT C I V 

GOVT M I L  

PVT SECT 

PVT SECT 

COVT M I L  

PVT SECT 

GOVT M I L  

GOVT M I L  

MIL 

USER 

PVT SECT 

! 922 

1931 

1925 

! 932 

! 930 

! 932 

I935 

1928 

I930 

I935 
I933 

1936 

I936 

I937 - 

1925 

1930 

1925 

1933 

1930 

1929 

1935 

1929 

1930 

1935 

1933 
1935 

1946 

1938 
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A M E R I C A N  A V i A T l O N  - 194:-1950 

GROWTH AND PROGRESS 

The p h o d  dhom 7947 t o  7950 could w&L be c a l l e d  t h e  Golden 
Age 0 6  U.S. a v k L b n  b e c a u ~ e  0 6  t h e  many R y p a  and kindn and m g e  
nwnbem 06 aihcha&t ptoduced, becawe 06 Rhe i n d i v i d u a l  and ghoup 
ackceveme& t h a t  became a l m o n t  dai ly  tLoutine, and b e ~ e  0 6  t h e  
m;tioMae "ah-rnindednan" t h a t  gxw o u t  06 W o r n  Wah 7 7 .  

In 1941 t h e  Douglas XB-19, t h e  world's l a r g e s t  land plane,  
and t h e  Martin PB2M Mars, t h e  world's  l a r g e s t  f l y i n g  boat ,  both i n  
t h e  7 0  ton c l a s s ,  were f l y i n g .  By t h e  time of  t h e  a t t a c k  on Pearl 
Harbor, a l l  o f  t h e  U.S. a i rc raf t  t o  p l ay  such a prominent p a r t  i n  
t h e  War were e i t h e r  i n  production o r  on o rde r .  

rniLLtuhy poweh and, a d t m  t h e  wan, ghOWRh i n  t h e  comma& indw-tty 
u&,b unpxecedentcd. In 1944, t h e  United S t a t e s  a i r c r a f t  i ndus t ry  was 
t h e  l a r g e s t  s i n g l e  indus t ry  i n  t h e  world. 
business  was over 10 percent  of t h e  United S t a t e s  Gross National 
Product. Even with t h e  c a n c e l l a t i o n  of over $26 b i l l i o n  i n  Army 
and Navy con t r ac t s  i n  1945, t h e  industry survived and, by t h e  end 
o f  t h e  decade, was again growing and prospering. 

I n  WotLed Wm 11 the a h p l a n e  e m a g e d  ab a majoh imaument 06 

I t s  $17 b i l l i o n  worth of 

The p d u d  AW deve lop ten t  06 t h e  h f i c o p - t a ,  t h e  B-36 iutta- 
contineuttaL b u m b a ,  t h e  je-t &i~h;tm and t h e  je;t: bornbet. In 1944 
t h e  "X" s e r i e s  of  r e sea rch  a i rcraf t  was proposed by NACA i n  t h e  
i n i t i a l  planning f o r  a long s e r i e s  o f  jointly-developed r e sea rch  
a i r c r a f t  t h a t  g r e a t l y  expanded t h e  f r o n t i e r s  o f  aeronaut ics .  In 
1946, a B-29 s e t  an a l t i t u d e  record of 44,200 feet  f o r  ope ra t iona l  
a i rc raf t  in a f l i g h t  over Guam; e j e c t o r  seats were success fu l ly  
t e s t e d  a t  Wright F ie ld  and Lakehurst; t h e  New York Yankees became 
t h e  f i r s t  major league basebal l  team t o  r e g u l a r l y  use a i r  

could have been t h e  f u l l  development of  an idea,  t h e  discovery of 
something new, o r  t h e  development of hardware with known app l i ca -  
t i o n  - sometimes d i r e c t ,  and sometimes a f t e r  f u r t h e r  development. 
"Sponsor" designat ions re f lec t  t h e  primary source of  t h e  funding 
t h a t  made the  advance p o s s i b l e ,  r a t h e r  than t h e  o r i g i n  of  t h e  
need o r  the accomplishment of t h e  work. 
Government/Military, Government/Civil , and P r i v a t e  Sec to r .  ffUser" 
l i s t i n g s  a re  i n  M i l i t a r y  and P r i v a t e  Sector  c a t e g o r i e s ,  with t h e  
da t e  shown r e f l e c t i n g  a p p l i c a t i o n  o r  use of  t h e  advance i n  
operat ional  o r  s e r v i c e  a i r c r a f t .  

Designations are by 
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transportation to meet its schedule; and the I'Truculent Turtle," 
a Navy Neptune patrol bomber, set a new non-stop, long distance 
world record in a flight of almost 12,000 miles from Perth, 
Australia, to Columbus, Ohio. In addition, the year 1946 saw 
the first flight of an l I X f t  aircraft, the X-1, which had been 
designed and built specifically to investigate and determine the 
feasibility of supersonic flight. And, in 1948, a Navy Mars 
carried 68,282 pounds of cargo, the heaviest payload ever lifted 
by an aircraft to that date. 

During this period, prototyping matured as a standard pro- 
cedure in weapon system acquisition, and the development of 
experimental and prototype aircraft was a major activity of the 
industry. 
during the next year the Berlin airlift began, in what was to prove 
a stunning setback to Communist ambitions. 

The United States Air Force was formed in 1947, and 

By 1950, aircraft production had climbed back to over 6,000, 
Industry after dropping from the all-time high of 96,000 in 1944. 

sales were at $3.1 billion, with the DoD being the biggest 
customer ($2.6 billion); and over 19 million passengers were 
flown on domestic and international routes to set a new high of 
more than 10 billion revenue-passenger miles. The industry was 
in the forefront of the rapid advances and outstanding achieve- 
ments that were characteristics of aviation in this decade. 

SIGNIFICANT TECHNOLOGICAL ADVANCES - 1941-1950 

Military needs for higher performance aircraft were 
responsible for most of the technological advances that were 
achieved during this period. 
engine/propeller propulsion system, the straight wing, and 
existing structural materials were widely known, and the search 
for new ways to reach a speed of 500 miles per hour, or even to 
cross the sound barrier, were aggressively pursued. 
to fly in all kinds of weather, t o  improve equipment reliability, 
to carry more payload, and to operate at higher altitudes also 
were important stimuli to the advances that were sought. 
achieved and considered most significant have been grouped for 
discussion in three categories: 
structures, and flight operations. The development and intro- 
duction of the "helicopter" also is considered a very significant 
achievement, and a discussion of this advance is included. 

The limitations of the piston 

The desires 

Those 

improved aircraft performance, 
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0 Advances Contributing to tiigher Performance Aircraft 

T h e m  .LiXtXe doubt fthat t h e  advent 06 Ahe j e t  engine 
u m  Xhe majvn f e c h v l i c d  bneakthhough ad Akid p m d .  
wLth t h e  emgine, howevm, wme oxheh h p o m v t t  advancea i n  a a o -  
dynamic design - The hwepf wing and t h e  deeta w i n g .  

Coupled 

The e v e W  
g o a l ,  06 C a ~ e ,  LmA h u p e u o n i c  @ighx. 

7-ukboje. t  E n g i n e  - The turbojet engine was invented 
by Whittle in England and von Ohain in Germany. Some 
information on the British engine had filtered to the 
United States and, when General Arnold visited England 
in the Spring of 1941, he saw the engine and was amazed 
at the progress that had been made. Arrangements soon 
were made by the military for the General Electric 
Company to build a copy of the British engine in the 
United States. 
desired, just like its British contemporary, it was not 
plagued by the turbine bucket breakage problem 
experienced by the British. The primary reason was the 
superior U.S. metallurgy that had been developed in the 
earlier turbosupercharger work. The first U.S. jet- 
powered airplane was the experimental Bell P-59A 
Airacomet, which was completed for the Air Corps in 1942. 
It did not reach quantity production, however, because 
it was too slow and had limited range. 
tional military jet aircraft was the P-80, which was 
introduced in 1944, and the first U.S. commercial jet 
aircraft was the Boeing 707, the prototype of which first 
flew in 1954. The success o f  U.S. endeavors in the 
turbojet field is one of the most interesting stories in 
the history of aviation, and nearly all developments were 
the result of military sponsorship. 

Although the GE engine ran hotter than 

The first opera- 

S w e p t  Wing - In the continuing search for aerodynamic 
design breakthroughs that would reduce drag in the 
transonic and supersonic flight regimes, and thus obtain 
the higher flight speeds desired, the idea of wing sweep- 
back was conceived and developed by Jones of NACA near the 
end of World War 11. About the same time it was 
discovered that Germany had started theoretical work on 
the swept-wing theory prior to the War and, by its end, 
already had jet-propelled, swept-wing aircraft designs 
in being that excelled any in the United States or Great 
Britain. In 1945, NACA published the first U.S. report 
on the aerodynamic theory of the swept wing, and develop- 
ment work was undertaken. The first U.S. military produc- 
tion aircraft with swept wings were the F-86 and B-47, 

111-14 



both of which flew in 1947. The Boeing 707 prototype, 
which was the first U.S. swept-wing transport, flew in 
1954. 

Vek2a Wing - Another wing design with considerable 
promise in high speed flight, particularly supersonic 
flight, was the delta shape. 
Germans were working on delta-wing shaped prototype air- 
craft during the latter phase of World War 11. One of 
these was tested in NA.CA wind tunnels after the war ir! 
about 1945, and the design was incorporated in the 
experimental XF-92A which flew in 1948. 
was the first production aircraft using this configuration. 
The XF4D Skyray flew earlier in 1951, but it was not a true 
delta wing aircraft, since it had curved-wing tips and a 
swept trailing edge. 

Again, it was found that the 

The F-102 of 1953 

Supehhon ic  F L i g  hlt - During the post-war period a 
series of experimental "X" aircraft were developed for 
research flight testing in the transonic and supersonic 
flight regimes. In 1947, Captain Charles Yeager flew the 
first of these, the rocket-powered Bell X-1, past the 
speed of sound in level flight to usher in the era of 
supersonic flight. Prior to this accomplishment, the 
sound barrier had been regarded as a serious technologi- 
cal obstacle to aviation progress. 
aircraft became commonplace in the 195Os, and in 1953 the 
North American F-100 S q e r  Sabre became the first pro- 
duction aircraft to achieve supersonic speed under level 
flight conditions. 

Supersonic military 

0 Advances in Structures and Materials 

The k i g h a  4pee.d~ p m a e d  b y  j e t  engines and new a a o -  

T h e e  &igni&icant advanca i n  ltU mea w a e  

dynamic d e s i g n s  neqll-ined cornuponding advances i n  b ~ u c a h k e s  and 
ma;te&& id ,the 6uaR benedih  05 p o ; t e W  aihcrra&t pabomance 
wme t o  be hea f i zed .  
&LI%JUQ. Ranlting, a d h a i v e  bonding, and fAal t iLUn &toy devcdopment 
and da bhica-tio n . 

Faftigue Teblting - The fatigue life of aircraft 
structures has always been a concern in aircraft design. 
Fatigue is a structures problem that relates to the 
tendency of metals or other materials to crack and fail 
after the repeated application of stress. Prior to and 
during World War 11, static strength design conservatisms 
and moderate performance demands provided an inherent 
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fatigue resistance in the primary aircraft structure - 
in spite of the fact that there were no requirements for 
specific fatigue life in aircraft. With the advent of 
j e t  aircraft, however, increased performance demands and 
high maneuver-load factors eliminated this built-in 
fatigue resistance, and service problems started to 
develop. These problems were first attacked by labora- 
tory tests, and in 1946 the first demonstration of 
full - scale "component" fatigue testing was accomplished 
on an AT-6D. The first "airframe" test to predict 
service life was accomplished in 1947 for the Martin 202 
aircraft, and in 1948 the military followed with use of 
full-scale fatigue testing to correct service life 
airframe deficiencies of the F-84D. Improved test 
methods and instrumentation developed during this period 
made rapid full-scale tests possible, and continued 
development has taken place to improve these techniques. 
A major Air Force aircraft structural integrity program 
was initiated in 1958 to determine the service fatigue 
life of all front line aircraft. Many civil transports 
have benefitted from the results of this program. 

A d h e d i v  e Bo riding - Adhesives suitable for bonding 
airframe structures were developed for the military in 
1941. 
without using fasteners, thereby decreasing weight and 
assembly costs. 
incorporation of bonded components in the B-26 and P-40 
airplanes. Later, adhesively bonded sandwich construc- 
tion was extensively employed on the B-58, and now 
adhesively bonded components are being used on the 
Boeing 707 and 747 commercial transports. 

Adhesive bonding permits joining of airframe parts 

By 1942, this advancement had led to the 

T i t a n i u m  A L l o y d  - In 1947, the Navy, in the continu- 
ing search for new materials of high strength at high 
temperatures, initiated studies on the development and 
fabrication of titanium alloys. By 1948, the U.S.  Bureau 
of Mines was able to produce 230 pound batches of  
titanium sponge using the Kroll extraction process. This 
accomplishment gave impetus to the DoD work, and a 
vigorous effort to develop titanium as an engineering 
material was undertaken. The first jet engine to use 
titanium was the 5-57 in 1951. This engine was first 
operated in a military aircraft in 1952, and in the 367-80 
commercial transport prototype in 1954. The first limited 
structural use of titanium was in the F-100. During the 
period from 1947 to 1961, the DoD invested over $200 
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million to establish the titanium mill products industry 
in the United States, This, and the development of 
vacuum melted superalloys, have been the key factors 
that enabled successful development and production of 
high performance military and commercial turbine engines. 

0 Advances in Flieht ODerations and Safetv 

l n b t h u m e n t  Landing S y a R e m  - The capability for 
providing safe approaches to airfields and landings under 
conditions of poor visibility was recognized early as an 
urgent need of aviation. In the four year period from 
1937 to 1941 numerous experimental instrument landings 
were accomplished by pilots of the various airlines, Army, 
Navy, and the Bureau o f  Air Commerce. Developments, 
investigations, and evaluations also were conducted by 
several National agencies during the same period. These 
efforts culminated in the establishment of the specifica- 
tion f o r  the SCS-51 Instrument Landing System in January 
1941 by the Air Corps. T h i s  became the standard landing 
system f o r  both civil and military aviation with instal- 
lation at over 500 ground stations and in about 18,000 
aircraft. This is essentially the same system used 
today. Installation of equipment in military aircraft 
began in 1943. 
aircraft occurred in about 1947. 

The first installations in commercial 

Ghuund-BaAed Weatheh Radan - During World War 11, 
the English placed a very high priority on the develop- 
ment of ground-based radar systems that could detect the 
approach of enemy aircraft. 
apparent that these systems might have other uses when it 
was calculated that radar systems capable of detecting 
aircraft would be affected by clouds, rain, and snow. 
Three months later, the first radar-detected storm was 
reported in England. After World War 11, a limited 
number of airborne radars were modified f o r  ground-based 
observation of precipitation; however, these radars had 
many deficiencies when applied to weather detection. 

Early in 1940 it became 

The 
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f i r s t  ground-based r ada r  designed s p e c i f i c a l l y  f o r  
weather d e t e c t i o n  purposes was developed by t h e  Army 
i n  1948, and t h e  Weather Bureau began ope ra t iona l  use 
of a similar r a d a r ,  which incorporated refinements of 
the Army system, i n  1959. Weather r a d a r s  have c o n t r i -  
buted s i g n i f i c a n t l y  t o  m i l i t a r y  ope ra t ions  as well  as t o  
the remarkable s a f e t y  record e s t a b l i s h e d  by commercial 
a i r  carr iers ,  through t h e i r  a b i l i t y  t o  d e t e c t  hazardous 
storms and t o  assist a i r c r a f t  i n  avoiding o r  s a f e l y  
penetrat ing storm areas. 

Dopp4?e4 N a v i g a t i o n  - Airborne r a d a r  was f irst  
developed i n  t h e  U.S. f o r  use i n  navigat ion and bombing 
during World War 11. In 1944, MIT developed t h e  radar-  
a s s i s t e d  Norden Bombsight, which r e s u l t e d  i n  improved 
bombing accuracy. In 1949, t h e  f i rs t  a i rbo rne  Doppler 
navigation r a d a r  was de l ive red  t o  t h e  A i r  Force by 
General P rec i s ion  Laboratory f o r  f l i g h t  t e s t i n g .  A v a s t  
improvement over e a r l i e r  r a d a r s ,  t h e  Doppler system was 
a se l f - con ta ined ,  dead reckoning nav iga t ion  system t h a t  
used r ada r  t o  measure t h e  a i r c r a f t  ground speed and d r i f t  
angle, and, by means of a d i r e c t i o n a l  sensor  and computer, 
provide d i s t ance  and d i r e c t i o n  t r a v e l l e d  from p o i n t  of 
departure.  
was i n s t a l l e d  i n  t h e  F-101 a i rc raf t  i n  about 1954, and, 
i n  1955, Bendix f a b r i c a t e d  a doppler r a d a r  navigat ion 
system f o r  use i n  comnercial a i r c r a f t .  

The f i rs t  ope ra t iona l  m i l i t a r y  Doppler r a d a r  

On- Roatrd Pow24  Genetation - On-board e l e c t r i c a l  
power requirements f o r  a i r c r a f t  i n i t i a l l y  were so nominal 
t h a t  they e a s i l y  could be s a t i s f i e d  by automotive type 
storage b a t t e r i e s  t h a t  were used i n  f l i g h t ,  recharged on 
the ground, and then used again.  A s  power requirements 
grew t o  accommodate more e lectr ical  equipment, however, 
improvements soon were needed, and engine-mounted power 
generators were developed. Even t h i s  was n o t  enough. 
The requirements f o r  t h e  B-36 i n t e r c o n t i n e n t a l  bomber 
were so  l a rge ,  f o r  example, t h a t  a considerable  advance 
in power generat ion technology was r equ i r ed .  
weight and ease of maintenance were a l s o  important con- 
s i d e r a t i o n s .  Thus, t h e  three-phase,  400 Hertz ,  120/208 
v o l t  on-board power generat ion system, used i n  conjunc- 
t i o n  with a constant  speed d r i v e ,  was developed f o r  t h e  
B-36, t h e  experimental model o f  which f i rs t  flew i n  1946. 
I n i t i a l  app l i ca t ion  t o  commercial a i r c r a f t  occurred i n  
1955. The systems now i n  general  use on most of  t h e  j e t  
powered commercial t r a n s p o r t s  are  d i r e c t  descendants 
of t h e  system developed f o r  t h e  B-36. 

Light 
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T h k u a t  Reve taens  - Associated with the higher speeds of 
aircraft in flight were the higher landing speeds that 
resulted. Thus, in the search for a means of slowing the 
aircraft and decreasing the ground roll after landing, 
thrust reversers for jet engines were studied in the U.S. 
during the 1940s. 
turbojet aircraft was provided by the military, with 
experimental models being flight tested by the Navy as 
early as 1946. 
the associated weight penalty was difficult to accept, and 
it was not until 1963 that the military first used thrust 
reversers on operational aircraft (the Lockheed C-141). 
However, the first commercial application of thrust 
reversers occurred much earlier in 1954, when they were 
applied to the JT-3C engine on the Boeing Model 367-80, 
the prototype of the 707. 

Initial funding on thrust reversers for 

For most military applications, however, 

Advance in Rotary Wing Aircraft Design 

ffeLicop2eh - The theory of lifting rotor aerodynamics, 
which had been developed in conjunction with the Autogiro 
during the 1930s, was crucial to the successful development 
of this aircraft. In 1941, Sikorsky successfully demon- 
strated in the U.S. a practical helicopter (the Model VS- 
300) of superior controllability by hovering for over one 
hour. For the next several years, advances were largely 
stimulated by industry, including Bell, Hiller, Kaman, and 
Piasecki. In 1941, the Army placed its first order, and 
by 1944 had received 130 of Sikorsky's two-place heli- 
copters (Model R-4). These were used for observation, 
communication, and rescue work with enough success to 
guarantee their continued development and production. 
1946, commercial helicopter shuttle service was inaugu- 
rated by Helicopter Air Transport of Philadelphia. 

In 

SIGNIFICANT TECHNOLOGICAL ADVANCE SUMMARY - 1941-1950 
The decade of the Forties in aviation was unique in several 

ways. 
sonic speeds and the disappearance of''lsound barrier" mythology into 
the literature of flight. 

The foremost feature, perhaps, was the achievement of super- 

Several significant technological 
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advafites served as major contributions to the progress that was 
aehiePed. Table 2 contains a summary listing of  the advances that 
have been discbssed. 
broad in both scope and nature, with the military being the leader 
by far in both sponsorship and use. 
event date and use date remained at about three years for the 
military, but it had increased to over eight years for civil aviation. 

As before, the advances of this period were 

The time lag between significant 

Table 2 

Significant Technological Advances - 1941-1950 

ADVANCE 

HELICOPTER 

AGHESIVE BONDING 

TLIRGOJET 

INSTRUMEM LANDING SYSTEM 

SWEPT WING 

DELTA WING 

FATIGUE TEST1 NG 

THRUST REVERSER 

ON-BOARD POWER GENERATION 

TITANIUM 

SUPERSONIC FLIGHT 

GROUND-BASED WEATHER RADAR 

DOPPLER NAVl GATION RADAR 

- 
DATE 

1941 

1941 

1941 

1941 

1945 

1945 

1946 

1946 

1946 

1947 

1947 

1948 

1949 - 

SPONSOR 

PVT SECT 

GOVT M I L  

GOVT M I L  

GOVT JOINT 

GOVT C I V  

GOVl C I V  

GOVT MIL 

GOVT M I L  

GOVT M I L  

GOVT M I L  

GOVT MIL. 

GOVT MIL 
GOVT MIL 

U! 
MIL 

1$42 

1942 

1942 

1943 

1947 

1948 

1948 

1963 

1946 

1952 

1953 

1948 

1954 - 

i 
PVT SECT 

1946 

1Y58 
1954 

1947 

1954 
- 

1947 

1954 

1955 

1954 

NIA* 

1955 - 
* N/A - Not applicable. Private industry does not currently 

operate weather radars, nor does it need to do so. 

AMERICAN AVIATION - 1951-1960 

GROWTH AND PROGRESS 
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pehiod t h e  Kahean con&& placed henWed emphahh on rndXi!ixky 
av-h-tior:, pan.-ticLLea/Leg i n  t h e  t a c t i d  mea. Howevm, ukth 
a t t e d o n  on b U a %  m d h i l u ,  and wLth t h e  advent  06 t h e  
epochal Spllztruh, t h e  end 06 ;the decade a m  a v U o n  pkoghua 
becoming aecondatLy .to the m o u r t / t i q  U.S.  ed6octx i n  'ICBM4 and bpce. 

Nevertheless, many significant events occurred in aviation 
as a whole. In November 1950 the world's first all-jet aerial 
dogfight occurred when an F-80 shot down a MIG-15 over Korea, and 
American pilots demonstrated exceptional skills in achieving a 
seven to one victory ratio during the three years of Korean combat. 

In addition, the helicopter continued to show impressive 
utility in a variety of battlefield applications. 
Grumman Cougar became the first swept-wing, shipboard fighter to 
enter Navy service, and the Air Force began receiving the six-jet 
Boeing B-47. Then i n  7 9 5 4 ,  
@h,t y m  adtm d@kt 06 tthe d h ~ t  je;t bombm, t h e  6 d . t  d-eigkt 
06  a U.S.  j e t  aine;nm occwLlted. This was the 367-80 prototype of 
the Boeing 707, an aircraft that traced much of its development to 
Boeing's experience with the B-47 and B-52. The 707 was placed in 
cormercial use in 1958, and a year later the Douglas DC-8 began 
operation. 

In 1951, the 

The first B-52 flew in October 1952. 

In 1954, the Convair XFY-1 ttTailsitter't airplane, which was 
directed at improvements in the launch and recovery of carrier- 
based aircraft, became the first fixed wing airplane to achieve 
vertical takeoff and then transition to level flight. 
supersonic F-100 set a world speed record of 822 miles per hour in 
level flight, and in 1958, the Navy developed McDonnell F-4 first 
flew. 

In 1955, the 

The e . x p W e W  ~ e h i ~  06 X-&W@ &O c0rz;tinued though-  
ocLt t h e  F i & t k e ~  i n  PhOVikg tthe v&e 06 technoLogicd and d u @ n  
advancements .to dittcha6t can@gmation6 bok ltrrandonic and ~upm- 
h o n k  d&kt. 
speed and altitude records of 2260 miles per hour (Captain Apt) and 
126,200 feet (Captain Kincheloe). The Douglas X-3 was built to 
explore the efficiency of turbojets and thin, double-wedge airfoils 
at supersonic speeds. 
handling qualities of a near-delta wing airplane without the use of 
horizontal stabilizers, and the Bell X-5 investigated the effects of 
changing the angle of wing sweep in transonic flight. And finally, 
the famous X-15 hypersonic research aircraft had its first free 
flight in 1959, after being released from a B-52. 

The rocket-powered Bell X-2 established unofficial 

The Northrop X-4 was developed to prove the 
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0 Advances in the Improvement of Aircraft Performance 

Akea Rule - One of the most significant aerodynamics 
discoveries of this period came from the laboratories of 
the NACA. 
aerodynamic drag in tte trznsonic region, NACA engineers 
found that aircraft drag could be significantly reduced 
by indenting the fuselage to give it a "wasp-waist" o r  
"coke-bottle" shape to produce a desired total cross-section 
area distribution throughout the full length of the airplane. 

Working to satisfy a military need for reduced 

Discovered and verified-in 1952 by 
concept was followed in the design 
as the Grwnman F11F-1, which first 

Whitcomb, the "area-rule" 
o f  such fighter planes 
flew in July 1954, and 

Commercially, annual aircraft production remained at about 
the 10,000 level, but new civil aircraft sales outnumbered military 
sales by a ratio of four to one. United States airline revenue- 
passenger miles were almost 40 billion, a fourfold increase over 
1950, and in 1960, over 81 percent (2766) of the aircraft in 
operation (3376) on world civil airlines were manufactured in the 
United States. 

The decade of the Fifties again was impressive for the growth 
in aviation that occurred. 
commercial, was opening up new frontiers in the fascinating story 
of flight. 

The jet aircraft, both military and 

SIGNIFICANT TECHNOLOGICAL ADVANCES - 1951-1960 

Although significant advances aimed at improving aircraft 
performance continued during this time period, increased emphasis 
was being given to the non-aircraft elements of growth and progress 
in the aircraft industry, For example, the application of elec- 
tronics to aviation was beginning to have a substantial impact in 
improving the effectiveness and productivity of aircraft, and gave 
rise to a special field of technology known as "avionics". 
addition, this time period produced significant advances in manu- 
facturing technology and production methods. 
advances, representative of the variety of progress just mentioned, 
are considered major contributions to aviation in the decade of the 
Fifties. 

In 

Twelve of these 
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the Convair YF-102A, which flew in December 1954. It was 
also  incorporated in the world's first supersonic bomber, 
the Convair B-58 Hustler, which flew in 1956. The first 
commercial application of this concept was to the Convair 
990 in 1962. 
application to future commercial transport aircraft. 

B ~ . V W M  FLap - The concept of attaining very high lift 
by blowing air from rearward facing slots over the upper 
surface of a flap was mt successfully used until the 
introduction of jet powered aircraft. 
for low take-off and landing speeds for carrier operations 
proved t o  be the catalyst for this technology. 
work on high-lift boundary layer control devices made 
practical the first blown flap. 
a Navy F9F-4 fighter in 1953, the blown flap has since been 
incorporated in such production aircraft as the Lockheed 
T2V (1954), the Lockheed F-104, the McDonnell F-4 and the 
North American A-3J. 
on a Boeing 707 commercial transport. 
to augment flap effectiveness is expected to appear in 
civil aviation first on commuter t p e  short haul aircraft. 

The "area-rule" concept has extensive potential 

The Navy requirement 

Attinello's 

Applied experimentally to 

It also has been used experimentally 
The use of power 

Tutrbodai i  E n g i n e  - Aiiothei- - - - - - - *  U G L Y  significant event of 
this period that evolved from continuing advance in turbine 
engine technology was the development of the turbofan 
engine. 
which additional thrust  is cjbiained from the air that 
bypasses the engine and is accelerated by a fan in an 
enclosed duct. 
of trade-offs in obtaining improved aircraft performance 
including larger aircraft,longer range, lower specific 
fuel consumption, shorter take-off distances, and quieter 
engine operation. In 1956 the first turbofan engine was 
assembled by Pratt and Whitney from military 5-57 and 5-75 
engine components. This engine was further developed as 
the JT-3D, which was first used in the Boeing 707 in 
1960, and then as the TF-33 in the B-52H in 1961. 
Development of a turbofan version of  the 5-79 was funded 
at General Electric by the Air Force. Commercial deriva- 
tives of this turbofan engine are used in the Convair 990 
aircraft. It is interesting to note that the very first 
turbofan engine was the Packard XJ-49 built during 1943- 
1946. However, its development was terminated at that 
time for lack of a suitable application. 
additional information on commercial/military engine 
derivatives and applications. 

Essentially, the turbofan is a turbojet engine in 

Advent of the turbofan permitted a variety 

Table 3 gives 
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Table 3 

Commercial Engine Derivatives of Military Engine Developments 
(Representative Listing) 

MI L I  TAPY ENG I NIL-- 

U E 5 I G -  F I K S T  
N A T I O N  FLIGIHT A IRCRAFT 

.-____ COMMLP C 1 A L ___--- COUNT C R PAR T 

UCSIG- F l R 5 T  NUMBER:: 
N A T I O N  F L I G I i T  A I R C R A F T  EOiJGHT 

__- -  C E R T I F I E D  ONLY ---- J - 4 7  MAY 4 8  F - 8 6 ,  8 - 4 7  NONE 

J - 5 2  APR 60  GAM-77, A-4,  
A - 6  

d - 5 7  APR 5 2  0 -52 ,  C -135 ,  
F - 8 ,  A-3,  
100 S E R I E S  
F IGHTERS .... 

d-60"" JAN 6 0  C-140 ,  1 - 3 9  
T -2R 

J T - 8 A  FEE 6 3  J T - ~ D  <FAN) 4501 
737 ,  7 2 7 ,  DC-9  

J T - 3 C  MAR 5 8  7 0 7 ,  DC-8  6 1 2  

J T - 1 2  FED 6 0  J E T  STAR, 1 1 8 0  
SABRELINER 

J - 7 5  MAY 5 6  F - 1 0 5 ,  F - 1 0 6  J T - 4 A  NOV 5 8  7 0 7 - 3 2 0  6 6 0  

d - 7 9  JUL 5 7  F - 1 0 4 ,  F - 4 ,  C J 8 0 5 - 3  JAN 5 9  CONVAIR 8 8 0  3 6 6  
U - 5 8 ,  A-5  

J - H 5  JAN 5 9  GAM-77,  T - 3 8 ,  C J - 6 1 0  ILATL 6 1  J1.r COMMANDIR, 1 1 3 9  
F - 5 ,  1 - 2 C  LLAR J E T  

T F - 3 3  MAR 6 1  B-SZH, C - 1 4 1  

T F - 3 5  NONE 

T F - 3 7  NONE 

T F - 3 9  JUN 6 8  C-5  

-_- -  
---- 

1 - 5 3  CIR.SG 

T - 5 5  SEP 6 1  

1 - 5 6  DEC 56 

T - 5 8  MAY 5 8  

T - 6 3  - - - -  

J T - J D  J U N  6 0  7 0 7 ,  DC-8  4060 

C J S O 5 - 2 3  J A N  6 1  CONVAIR 990 2 7 2  

t F - 7 0 0  AUG 64 J E T  FALCON 6 9 7  

C F - 6 - 6  AUG 7 0  D C - 1 0  136 

UH- 1 T 5 3 L 1 3  - - - -  
- -__  C t i - 4 7 A  T - 5 5 L  

C - 1 3 0 ,  P - 3  5 0 1 D - 1 3  DEC 5 7  

H-1,  H - 2  C T - 5 8  J U L  5 9  
H - 3 ,  
H-4G S E R I E S  

OH-GA,  011-58 2 5 0 - C 1 8  - - - -  
OH-5A 

---_ CH-53  SERIES C T - 6 4  

C H - 5 4  S E R I E S  J F T D - 1 2  ---- 

B E L L  2 0 5  

VERTOL 1 1 4  

ELECTRA 

5 - 6 2 ,  5 - 6 1  
VERTDL 1 0 7  

CELL  J E T  RANGER 
HUGHES 5 0 0 ,  
H I L L E R  F H - 1 1 0 0  

S IKORSKY 5 - 6 5  

S IKORSKY 5 -64  

7 8 3  

63 

2 2 1 3  

3 5 2  

2 6 0 0  

---- 
7 8  

:: AS OF 15  F E 8  1 9 7 2  - INFORMATION PROVIDED BY ENGINE MANUFACTURERS. 

T H I S  WAS A COMMERCIALLY DEVELOPED ENGINE W I T H  M I L I T A R Y  A P P L I C A T I O N S .  .. .. .... 
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Sonic Fat igue  T e b i i n g  - Sonic fatigue damage results 
from structural vibrations caused by intense random 
noise. In the mid-1950s the sonic fatigue problem 
became serious enough to ground many B-52 airplanes for 
repairs. In 1956, B-52 sonic fatigue testing was 
accomplished, and in 1957 results of KC-135 tests were 
applied to the commercial Boeing 707 aircraft. Then 
a long range program was begun in 1958 to provide new 
design criteria for future airplanes. This technology 
has led to Improved sonic fztigue resistant structures 
that have been beneficial in both military and commercial 
aircraft applications. 

0 Advances in Manufacturing Technology 

Puhing ,ttkib ltime p h o d ,  advancef, i n  rnanu6ac;tuhing ,tech- 
nology began ,to havc higni6ican.t impacz on cdwuq$t devetopment. 
TW 06 t h a t ? ,  both  heea;ted 20 Zhe i n a w e d  d i z e  0 6  ahW&t 
~ ~ c ~ e ~  and cornpone&, wehe t h e  heavy pheA66 phOg/uun and vuunehi- 
c U g  caMRha&k.d rnackincs. 

Heavy Phena Ptrogkam - The use of large capacity 
forging and extrusion presses has been one of the major 
advances in the "production" portion of the aviation 
story. In its search for better methods for the manu- 
facture of aircraft structural members, in larger 
quantities at lower cos t ,  the Air Force established the 
heavy press manufacturing technology program in 1951. 
By 1958, four new forg ing  presses were constructed in 
sizes up to 50,000 tons, and seven new extrusion presses 
were developed with capacities up to 14,000 tons. 
heavy presses were first used to manufacture parts for the 
B-52 in 1954, and for the Lockheed Electra in 1956. 
These presses have proven to be invaluable as the only 
way to produce the large plan-area components of high 
strength titanium and steel that are essential to the 
production of modern military and commercial aircraft. 

The 

Numehical ly  C a n t m e l e d  Machinea - Numerically 
controlled machining is one of the very important capa- 
bilities in industry that largely has been made possible 
by the manufacturing technology programs of the DoD. 
the process is used in 70 percent of the milling metal 
removal accomplished in aircraft manufacturing and makes 
possible the fabrication of fully integrated members that 
would not be feasible otherwise. Large solid pieces can 
be cast and subsequently machined for such areas as main 
wing beams, variable sweep-wing pivots, and landing gear. 

Today 
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Since there are no joints in these pieces, weight is 
substantially reduced. The machines also eliminate the 
need for templates and extensive mechanical drafting by 
hand. The first military contract to establish a 
numerical control system was awarded in 1951. 
Numerically controlled milling was applied to piston 
aircraft in 1956. 

0 Advances in Avionics 

7netrXiaL N a v i g a A i o n  - Air Force interest in a non- 
radiating, self-contained navigation capability to 
satisfy military mission needs resulted in the development 
of the Space Position Inertial Reference Equipment (SPIRE) 
system by MIT in 1953. 
the military sponsored development of the Litton series 
of medium accuracy, small, lightweight inertial naviga- 
tion systems for the E-1, A-6, P - 3 ,  and F/RF-4C aircraft. 
The first of these systems was used in 1963. 
1963, Fan American Airways installed a Litton system in 
a DC-8 for a 500 hour FAA-sponsored test program. This 
was followed in 1965 by a test program using the same 
system coupled with an improved computer. 
design and procurement of over 100 Sperry commercial 
inertial navigation equipments for installation in the 
707 aircraft as an additional navigation aid. Although 
these were withdrawn from service in 1968 because they 
did not meet FhA accuracy specifications, they did form 
the basis for the Delco and Litton inertial navigation 
systems presently installed in the 747 aircraft. 

Then, in the years that followed, 

Also, in 

Next came the 

A i h b o t t r i e  D i g i t a l  Computeh - The inertial navigation 
system is highly dependent upon its associated computer. 
In 1957, the first general purpose airborne digital 
computer was developed as part of the Hughes fire control 
system for the F-106. 
beginning of the development of the Autonetics solid-state 
computer and digital differential analyzer for the Hound 
Dog missile, as well as the first Librascope solid state 
general purpose digital computer for airborne use. This 
computer was tested on C-131s and became operational on 
the C-141. 

The same year also marked the 

The first commercial use of  an airborne digital 
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computer was in conjunction with the inertial navigation 
equipment described above. 

Communicationd S a - t e l l L t e  - The use of satellites for 
communication purposes has permitted a global capability - -  
and coverage not otherwise attainable. ~The first demon- 
stration of this use occurred in 1958 when the Presidential 
Christmas message was broadcast to the world from an 
orbital vehicle. 
ARPA-Air Force Project Score. 
point communication was demonstrated with the ECHO 
satellite, and then satellite relay of television trans- 
mission was first demonstrated with TELSTAR in 1962. 
Military use of satellite communications occurred in 1966, 
with launch of the pioneering Initial Defense Communica- 
tion Satellite Program. 
satellites which formed a belt around the earth at an 
altitude of 18,000 nautical miles. 

This was accomplished as part of the 
During 1960-1961, point-to- 

This system was comprised of eight 

Advances in Flight Operations 

Computetized F t - i g  Lt P l a n s  - Long range military 
€lights reauire global weather coverage and accurate up- 
to-date weather information. Consequently, numerical 
weather prediction techniques, using electronic computers, 
were developed under a national program and became 
operational in 1954. 
these techniques to develop computerized flight plans that 
incorporated meteorological data in flight weather reports. 
In 1959, the first operational testing of computerized 
flight plans began during transatlantic flights of C-118 
aircraft. Extension of this program, to include fuel and 
aircraft performance factors as a function of predicted 
weather conditions, provided military aircrews fast and 
accurate flight planning information. By 1964, several 
thousand military computer flight plans were issued 
monthly. 
civil aviation, and the National Weather Service now pro- 
vides meteorological data to 13 private processors who, in 
turn, produce computerized flight plans for approximately 
150 customers, including U.S. and foreign air carriers. 
First operational use of computerized flight plans by 
commercial air carriers occurred in 1961. 

The Air Weather Service expanded 

The value of these flight plans was recognized by 
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l l i g i - t a l  F l i g C l R  SimuLa,ttalr - A major advance in the use 
of simulators for pilot training and proficiency improve- 
ment occurred in 1960 when the University of Pennsylvania 
developed a digital flight simulator for military use. The 
simulator had two cockpits, one for an F-100 and one for an 
F9F, either one of which could be operated from the central 
computer. This development established the feasibility of 
real time digital simulation, using six degrees-of-freedom 
flight equations. 
next decade were based on this approach. 
commercial use was in a Boeing 727 simulator built by Link 
for Eastern Airlines and delivered in 1963. 

All flight simulators developed over the 
The first 

WeaZthetr Sa-tek?li-ttea - A new era in the meteorological 
support of flight operations began in 1960 when TIROS I, 
the- first weather observation satellite, was launched. 
Data from this satellite had immediate use in both military 
and commercial aviation, Although some of the original R&D 
had been accomplished under DoD sponsorship, responsibility 
for weather satellites was transferred to NASA in 1958. To 
date, twenty-two meteorological satellites have been 
launched, and NASA now has three RGD efforts for  improving 
meteorological satellites, including the NIMBUS program. 
Weather satellites provide the aviation meteorologist with 
a unique observing tool to identify developing atmospheric 
storms over international routes. 
analyses, the early identification of flight hazards and 
the timely diversion of aircraft around affected areas can 
be accomplished. 

Through meteorological 

SIGNIFICANT TECHNOLOGICAL ADVANCE SUMMARY - 1951-1960 
All of the major technological advances of this time period 

were sponsored by the Government, again largely by the military. 
Time lags to use averaged just under three years for the military, 
and were reduced during this period to just over five for civilian 
aviation. This reduction on the civilian side might be traceable to 
the fact that most of  the advances in this period were not airframe 
or engine oriented, and thus not safety of flight matters, but 
rather were in the areas of support systems and equipment and in 
manufacturing technology and techniques. Table 4 summarizes the 
date, sponsor and use data presented in the advance discussions. 
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Table 4 

Significant Technological Advances - 1951-1960 

1554 
1Y56 

1554 

1954 

1963 

19% 

1961 

1957 

1966 

1959 

1960 

1960 

ADVANCE 
I 
I 

1956 

1956 

1962 
- 

1967 

1957 

1960 

1967 

1 9 2  

1961 

1963 

1960 

n i A V Y  PiiESS PROGRAM 

A~JIMERI CALLY CONTROLLED MACHINES 

AREA RULE 

BLO!nIN FLAP 

I kERT! A i  NAV I GAT1 ON 
SOXiC FATIGUE TESTING 

T i A W A N  ENGINE 

A I  RBORNE DIGITAL COMPUTER 

CGh!ML!NI CAT1 ORiS SATELLITE 

COMPL'TERI ZED FLIGHT PLANS 

31GITAL FLIGHT SIMULATORS 

WEATHER SATELLITES 

A M E R I C A N  A V I A T I O N  - 1961-1972 

GROWTH AND PROGRESS 

- 
DATE 

1951 

195; 

1952 

1953 

1953 

1955 

1556 

1957 

1958 

1959 

1960 
1960 
- 

s P3NSOli 

CG!JT M I L  

GOVT M I L  

GOVT C I V  

GOVT M I L  

GOVT M I L  

GOVT M I L  

GOVT M I L  

GOVT M I L  

GOVT M I L  

GOVT M I L  

GOVT M I L  

GOVT C I V  

USER 

The p d o d  a ince  1962 h a  been gh&y i1-6&enc& by t h e  p m -  
Pmhapa Ahe m o d t  vaaive e6dect~ 06 the  6Rhuggte i n  S o d h u t  Asia. 

signidLCant bene&t t o  c i v i l !  a u U o n  t i &  makt d d v e  @om m a -  
. b r y  a,& ope t r a t ion~  i n  Vi&unn d t h e  incheased expenience wLth  h&- 
c o p t w  gained by t h e  h y  and Mahirze Cotrp~, and Xhe he6uRting h&- 
cop,tm ,teclinoLogg aduancementh. The outstanding success of the heli- 
copter in Vietnam as a supply transport, troop carrier, communica- 
tions vehicle, and utility transport is paving the way for new and 
extensive civil applications. 
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The end of t he  per iod  f i n d s  seve ra l  m i l i t a r y  aircraft  i n  
development, inc luding  t h e  F-14 f l e e t  defense a i r c r a f t ,  F-15 a i r  
s u p e r i o r i t y  f i g h t e r ,  A-X c l o s e  support  a i r c r a f t ,  B-1  s t r a t e g i c  
bomber, and S-3A anti-submarine warfare  a i r c r a f t .  

In addi t ion ,  advanced pro to type  developments underway o r  
proposed are  t h e  Lightweight F igh te r ,  Advanced Medium STOL 
Transpor t ,  and a V/STOL s t r i k e  a i r c r a f t  f o r  t h e  Navy's Sea 
Control Ship. 
m i l i t a r y  a i r c r a f t  development. 
provide a v a r i e t y  of demonstrated hardware opt ions  t h a t  a r e  
r e a d i l y  ava i l ab le  f o r  f u r t h e r  development and poss ib l e  product ion,  
and should a s s i s t  i n  maintaining i n d u s t r y  design team c o n t i n u i t y  
and t h e  av ia t ion  i n d u s t r i a l  base.  

Prototyping has been r e i n s t i t u t e d  as a method f o r  
The program eventua l ly  should 

During t h i s  per iod t h e  XB-70 flew; and the  F-111 swing-wing 

. C o m r n e h U y ,  Ah& &de-bodied and a& 
t a c t i c a l  f i g h t e r ,  t h e  SR-71 high a l t i t u d e  s t r a t e g i c  reconnaissance 
aircraft ,  t h e  A-7 a t t a c k  a i r p l a n e ,  t h e  C-5 t r a n s p o r t ,  and o t h e r  
a i r c r a f t  were developed. 
j e t  & i n m  w a e  in-txoduced, and ~ u p m o v t i c  ;trran.bpolutd wcke bLLiet. 
The ~UAYUL, 06 c o m e ,  wme m;t U.S. 

Approximately the  same number of  a i r c r a f t  were produced i n  
t h e  U.S. i n  1970 as i n  1960 - some 10,000 - and t h e  v a s t  major i ty  of 
t h e  world's  a i r l i n e r s  s t i l l  were of  U.S. manufacture. By 1970, U.S. 
domestic and i n t e r n a t i o n a l  a i r l i n e r s  were up t o  130 b i l l i o n  passenger 
-revenue miles - a t h r e e f o l d  inc rease  over  1960, and U.S. a i r l ines  
now had achieved a l e v e l  o f  s a f e t y ,  measured i n  terms of  f a t a l i t i e s  
p e r  100 mi l l ion  passenger mi les ,  comparable wi th ,  and perhaps b e t t e r  
than ,  t h a t  of motor buses and r a i l r o a d s  - approximately a hundred- 
fo ld  improvement i n  t h r e e  decades.  However, s i g n s  were po in t ing  t o  
s o f t n e s s  i n  production and s a l e s ,  and t o  dec l ines  i n  p r o f i t s .  

Thus t h e  per iod  of t h e  S i x t i e s  became one of t r a n s i t i o n  and 
change, though t h e  search  continued f o r  t h e  advances t h a t  would make 
improved e f f ec t iveness  and p roduc t iv i ty  p o s s i b l e .  
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SIGNIFICANT TECHNOLOGICAL ADVANCES - 1961-1972 

During this period, the significant advances may be grouped 
in the areas of airframe design and materials, flight controls, and 
avionics, as well as those of V/STOL and STOL performance, and 
improved operating economy. 

0 Advances in Airframe Design, Materials and Propulsion 

TW O X  t h e   OWL rnajcik advancu O B  t b d  pe’uhf i n  d e s i g n ,  
m C & U L i d A  and ;jflclpLLe6ion invo lve  innova;tioa i n  t h e  a m o d y m i c b  
cd ~ i n g  design; ana tha  m,btu Xo t h e  deveXapent 06 new ARhong 
Li.gCu%~eigh,t ma.tekiae - advanced campaaLte6; and t h e  &wLZ~ LA ;the 
mabX hecent i n  t h e  M b i n e  engine 6 t 0 h y  - t h e  kigh-bypas6-tLatia- 
Itll/rba ban. 

S i n g l e -  P i v a t  V a h i a b l e -  Sweep W i n g -  The theoretical 
advantages of variable-sweep wings to accommodate efficient 
flight at both high and low-speeds were not fully realized 
until the single-pivot variable-sweep wing was developed. 
This concept was conceived by NASA, and was first 
incorporated on the General Dynamics F-111 aircraft in 
1965. Although superior to earlier variable-sweep wing 
designs, the construction of the pivot assembly involved 
extremely critical design, manufacture, inspection, and 
testing considerations. 
incorporates this variable-sweep design feature. 

The Navy F-14 aircraft also 

rrm g - ine concept of the supercritical S u . - e a c a ~ ~ i c u 2  Win 

wing was originally developed by NASA and investigated by 
wind tunnel tests. The aerodynamics of the supercritical 
wing improve transonic flight by increasing the drag rise 
Mach number for a given wing thickness ratio. 
on modified Navy T-2C and F-8 airplanes were initiated in 
1970, and now an Air Force F-111 is being modified to 
evaluate maneuverability improvements of the supercritical 
airfoil to variable-sweep wings. Application of this 
concept is considered probable in future long haul civil 
transport aircraft. 

Flight tests 

Advanced Campabite6 - The requirements for excep- 
tionally high strength- and stiffness-to-weight ratio 
materials for higher performance aircraft led the Air Force 
to initiate an extensive advanced composites program in 
1961. 
strength fibers, such as those of boron and graphite, which 
are dispersed in plastic resin and metal matrices, 
posite materials have provided significant weight reduction 

These are materials which are comprised of high 

Com- 
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where used in the airframes and engines of such military 
aircraft as the F-4, F-14, F-15, F-111, and CH-47. 
1969, 25 boron F-4 rudders were obtained for the initial 
service flight test of advanced composites. 
new materials in commercial airliners has not yet 
occurred though the probability for such use, perhaps by 
the middle or end of the decade, is very high. 

In 

Use of these 

Hig h - B y p a a b - R a l t i o - T u t b a d a M  - High-bypass turbofan en- 
gines were developed and applied initially to meet Air Force 
C-5 requirements. 
pounds of takeoff thrust at weights not appreciably greater 
than turbojets of half this thrust, with better fuel con- 
sumption, and with substantially lower noise and pollution 
characteristics. During the competitive contract defini- 
tion phase of this program, the Air Force invested at 
least $30 million in the development of the Pratt and 
Whitney JTF-14. This engine then formed the direct base 
for the JT-9D turbofan engine which was used in the. Boeing 
747 in 1970. The General Electric TF-39 engine, which was 
used on the C-SA aircraft in 1968, also has a commercial 
equivalent, the CF-6, which powers the commercial DC-10. 

This type of engine permits over 40,000 

Advances in Flieht Controls 

Two majon. advanca dUhing kkin p d o d  i n  lthe m e a  06 d-e;Sh.t 
w e m  khoae oA load &eviuAion and mode conthol, and 6ly-  

L o a d  A t L e v i a t i a n  and Mode CopiAn.ol  - - The first major 
Droeram to establish the feasibility of actively con- 
I "  

t r o  1 1 ing aircraft structural responses for load- a1 leviation 
and mode suppression was begun by the Air Force in 1965, 
under the title "Gust Alleviation and Structural Dynamic 
Stability Augmentation System." 
incorporation of properly located control surfaces that 
respond to local accelerations induced by turbulent air and 
smoothen the aircraft riding qualities. 
was to show ride improvement and gust load alleviation for 

This refers to the 

Primary emphasis 
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the low altitude, high speed strategic bomber penetration 
mission. In 1966, an advanced development program called 
"Load Alleviation and Mode Stabilization" (LAMS) was 
initiated. A flight test program of a B-52 equipped with 
the LAMS system demonstrated a 50 percent reduction in 
fatigue damage rate due to turbulence encounter. 
modification of the B-52G and H fleet was begun to mark 
the first intentional use of the automatic control system 
to resolve problems resulting from strpctural response. 
The Lockheed 1011 commercial transport already has 
incorporated a direct lift control system that is directly 
traceable to the LAMS demonstration. Previous direct lift 
control devices had been developed by Douglas for the A3D 
and by Vought for the F-8. 

In 1971, 

Fly-By-Wite - A new concept in flight control is fly- 
by-wire, in which an electrical signal path, rather than 
mechanical connection between the cockpit controller and 
the control surface actuator, is used for primary flight 
control. 
redundancy is important for survivability o r  reliability 
purposes, permits significant weight savings and simplicity 
in design. A single-axis (pitch) fly-by-wire system was 
flight tested by the Air Force in a B-47 in the 1967-1969 
period. Beginning in 1970, further work, soon to result in 
C-141 flight tests, was accomplished, and additional 
important development and demonstration efforts were estab- 
lished. 
also is underway to demonstrate a quad-redundant three-axis 
fly-by-wire capability in a YF-4E aircraft. In addition, 
NASA has a fly-by-wire program directed at developing and 
demonstrating the application of reliable and low cost 
digital flight control systems to advanced civil aircraft. 
Initial flight tests, to begin in 1972, will help establish 
the feasibility of a single-channel digital fly-by-wire 
system using modified Apollo spacecraft equipment 
installed in an F-8C aircraft. A related Active Controls 
Technology program will provide design criteria and inte- 
grated design approaches to permit the application of these 
concepts to commercial transport aircraft. 

This control technique, particularly when 

An Air Force survivable flight control program 
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M i c t v  ek eczha n i c a  - The drive to reduce the weight, 
volume, and power requirements of electronic equipment 
has provided- the stimulus for the miniaturization of this 
equipment through the development of microelectronics. 
The integrated circuit, for example, was announced early 
in the Sixties, and the industrial base for the develop- 
ment, application, and production of integrated circuits 
can be traced to two military contracts which first 
demonstrated production processes for these circuits in 
1961. By 1963, the inertial navigation system for the 
Air Force F/RF-4C contained integrated circuits. 
1970, integrated circuit sales by U.S. industry were $887 
million according to statistics published by the Department 
of Commerce. Today, integrated circuits are finding many 
applications in both military and civil aviation, including 
computers, altimeters, autopilots, displays, and communi- 
cations equipment. The Boeing 747 has electronic equipment 
containing integrated circuits. 

In 

A i h t b o t n e  Phaaed-Ahtay Radak - The Air Force and Navy 
both have sponsored substantial development effort in the 
area of airborne phasedarray radar technology in the 
effort to acquire multi-mode radars that are capable of 
performing such multiple functions as terrain following, 
fire control, and weapon delivery. The components and 
other technology developed for electronic beam forming, 
scanning, and processing have possible future application to 
air traffic control and landing systems for use at high 
traffic density terminals. In 1965, the Air Force initi- 
ated effort to develop Radome and Radio Frequency (RARF) 
components for airborne phased-array radar applications, 
and flight tests were begun in 1970. Also starting in 
1965, a phased-array antenna was built by Maxson Elec- 
tronics for the Navy. 
Another pioneering effort of the Air Force was the 
Molecular Electronics for Radar Applications (MEW) phased- 
array development, which demonstrated the solid state 
active element concept. 
type of radar are expected in the near future. 

$It was flight tested in 1969. 

Operational applications of this 

0 Advances Applicable to V/STOL Aircraft 

T U  p&od a w  h igh  ivttaest in bazth ahoh.2 take066 and 
hnding (STOL) and v&icd fake066 and landing (VTOL) &m&t by 
c d l  06 t h e  S e h v i c u  . TWV a b  pahAicd!ah aignidicance have been ;the 
V/STOL t e s m c h  aihcha&t and advanced blown d&p phogttam. 
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V / S T O L  Re4 eatrch Aitrcrradt - Several experimental design 
approaches for V/STOL airplanes- have been studied, and 
many experiments conducted, since the late 1950s. These 
efforts reached fruition in the tri-service experimental 
V/STOL Aircraft Program of the early 1960s. 
craft were developed: the LTV XC-142A tilt wing airplane 
which flew in 1964; the Curtiss-Wright X-19A tilt 
propeller airplane which also flew in 1964; and the tilt- 
ducted propeller Bell X-22A, which flew in 1966. Further 
studies and experiments have continued since that time. 
In addition, the U.S. Marines have introduced the British 
Hawker-Siddeley AV-8 Harrier vectored jet V/STOL airplane 
into operational use as a close support aircraft. 
application of V/STOL concepts to high performance military 
fighters, fighter bombers and transports may permit very 
significant advantages in operation from austere and 
relatively unprepared and short forward airstrips, from 
carriers, or  from any location where standard runways are 
not available, feasible,or desired. Significant commercial 
application may be in the short-haul area, either high 
density or  low density, where the runway and runway 
location considerations are of major interest. 

Three air- 

The 

Advanced B l o w n  Flapa - In the early 1970s, work was 
initiated by NASA and the DoD to develop advanced blown 
flaps and a powered-lift technology base for the design 
and operation of civil and military fan-jet STOL trans- 
ports that would be safe, quiet, efficient, and have low 
pollutant emissions. A NASA C-8 aircraft is now being 
modified in a joint program supported by the Canadian 
Government. This aircraft will have an augmentor wing 
powered high-lift system for STOL proof-of-design and 
handling qualities flight tests. In addition, the ex- 
ternally blown flap concept will be evaluated in the 
planned NASA Quiet Experimental STOL Research Airplane 
(QUESTOL) Program and the Air Force Advanced Medium STOL 
Transport (AMST) advanced prototype program that has been 
proposed. 

0 Advances in Flight Operations 

Two 4ignidican.t XtcchnoLog id  advances 06 tk ib p d o d  con- 
.frtibu.ted It0 the 4abeXy and e66iciencq 06 &i.gkt o p W o n b .  These 
wehe ~tlze deveXopnent 06 cold bog d.ib+mCLon techniques and the 
navigatian a a - t U e .  
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F o q  U i b p e k b a l  - Delays due to weather cause 
great expense t'; airline operations and inhibit the full 
effectiveness of military air operations. 
efforts have been made to modify various types of 
undesirable weather conditions. In the northern sections 
of the United States, cold fog has caused the delay, 
diversion, or cancellation of  numerous scheduled airline 
flights. This has resulted in a considerable annual 
economic loss and, consequently, United Airlines developed 
the first cold fog dissipation system in the U.S. during 
the 1963-64 time period, dispersing crushed dry ice from 
light aircraft. 
today many other airlines and airports now share in the 
cost for this type of weather modification. In 1967, the 
Air Force also adopted this airborne system seeding tech- 
nique. Using WC-130 aircraft, this cold fog dissipation 
capability is now operational at ten Air Force bases in 
the United States and Europe. 
system for cold fog dissipation was developed by the 
Air Force and initially used at Fairchild AFB, Washington, 
using liquid propane dispensers. 
the cold fog portion of the weather problem have greatly 
decreased through the use of these systems. 

Therefore, 

This airborne system proved successful and 

The first ground-based 

Disruptions caused by 

N a v i g a A i o n  S a ; t e & l i t e  - An outstanding example of the 
application of space'systems and technology to aeronauti- 
cal use is the navigation satellite. In 1964, a low 
altitude orbital Doppler experiment in a polar orbit led 
t o  the Navy TRANSIT navigation satellite system, which is 
still operational today. In 1968, concept definition 
studies were begun for the advanced Air Force 621B navi- 
gation satellite system. 
definition of equipment and experiments. Also in 1968, 
Army effort was initiated to study the establishment of 
common grid navigational compatibility to tactical aircraft 
and ground forces. 
wide variety of military, and possibly commercial, appli- 
cations is expected. 

These studies resulted in 

From these efforts a new system with a 

SIGNIFICAKT TECHXOLOGICAL ADVANCE SUNARY - 1961-1972 
The date, sponsor and user data for the most significant 

advances of the Sixties are summarized in Table 5. Again, almost 
all of the advances are Government sponsored, primarily military. 
The table also shows that many of the advances have not yet found 
application in operational use. 
because of the time needed for testing and refinement. For those 

This normally would be expected 
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advances that have been incorporated into operational aircraft, the 
time lag has been three years for military aviation and just over 
three and one-half years for the private sector. 

Table 5 

Significant Technological Advances - 1961-1972 - 

ADVANCE 

ADVANCED COMPOSITES 

MICROELECTRONICS 

FOG DISFERSAL 

NAVIGATION SATELLITE 

V/STOL RESEARCH AIRCRAFT 

AIRBORNE FHASED- ARRAY RADAR 

SINGLE- PIVOT VARIABLE- SWEEP WING 

LOAD ALLEVIATION AND MODE CONTROL 

HIGH- BYFASS TURBOFAN 

SUPERCRITICAL WING 
FLY- BY-Vi I RE 

ADVANCED BLOWN FLAPS 

TECHNOLOGICAL ADVANCE REVIEW 

DATE 

1961 

1961 

I963 

I964 

I 964 

I965 

1965 

1965 

1967 

1970 

!370 

1970 

SPONSOR 

GOVT M I L  

GOVT M I L  

PVT SECT 

GOVT M I L  

GOVT M I L  

GOVT M I L  

GOVT M I L  

GOVT M I L  

COW M I L  

COW JOINT 

GOVT M I L  

GOVT C I V  

USER 

M I L  

I969 

I963 

I967 

I964 
- 

I965 

1971 

I968 

- 

PVT SECT 

A review of the significant technological advances in aviation 
that have been identified and described in this section of the report 
shows that there are approximately the same number of advances, and 
approximately the same rate of advances per year, for all of the time 
periods, as shown in Table 6. The period including World War I1 con- 
tains the greatest number of advances per year, indicating the effects 
of the large wartime effort directed to air power. 
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Table 6 

Rate of Technolonical Advances 

TIME PERIOD NUMBER OF ADVANCES 

1925-1 940 14 

1941-1950 13 

1951-1960 12 

1961-1972 12 

51 

ADVANCES PER YEAR 

0.9 

1.3 

1.2 

1.1 

Further analysis of these same advances with respect to 
whether the first action is creditable to Government or private 
sector sponsorship (source of funding) is shown in Table 7 .  

Table 7 

Sponsorship of Technological Advances 

TIME PERIOD 

1925-1940 

1941-1950 

1951-1960 

196 1- 197 2 

TOTAL 

GOVERNMENT 
MILITARY 

7 (50%) 

9.5 (73%) 

10 (83%) 

9.5 (80%) 

36 (70%) 

GOVERWNT 
C I V I L  

3 (21%) 

2.5 (19%) 

2 (17%) 

1.5 (12%) 

9 (18%) 

PRIVATE 
SECTOR TOTAL 

4 (29%) 14 

1 ( 8%) 13 

0 -  12 

1 ( 8%) 12 

6 ( 12%) 51 

Since Weed Wm 7 7 ,  ,the m-g hd6 been ,the unyuebfianed 
&eadeh i n  ,the ~ p o r ~ a u h i p  and uhe 06 Z e c h n o l o g i d  advanceb i n  
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In the data, equipment, and components area, where there 
usually is relatively low risk in application, where safety of 
flight is not a problem, and where financial investment is 
relatively low, application of technological advance has been 
rapid, usually within one to two years for the advances studied. 
The application of advances in this area also is strongly 
influenced by the consideration of economics. 

MILITARY 

2.79 

3.46 

2.91 

3.00 

3.04 

The application of major airframe and engine advances has 
been somewhat slower. 
work, and users, particularly those in commercial aviation, wait 
for the completion of long periods of development, test and evalua- 
tion. Some examples are the introduction of the jet engine - 1 year 
to military first use, 3 years to commercial use; swept wings - 2 
years military, 9 years commercial; and titanium - 5 years military, 
7 years commercial. 

Here, all of the many kinds of risks are at 

Table 8 reflects the time lag to use for all of the advances 
discussed in this section. 

PRIVATE SECTOR 

3.57 

8.10 

5.36 

3.67 

5.17 

1 TIME PERIOD 

Table 8 

Average Time Lag to Use 

1925- 1940 

1941- 1950 

1951-1960 

1961-1972 

OVERALL AVERAGE 

In regard to the time lag between military and civilian 
achievement of a given level of overall aircraft performance, the 
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da ta  shown i n  Figure 1 i s  of  i n t e r e s t .  
t h i s  d a t a  shows a c l e a r  "lead-trend" r e l a t i o n s h i p  of m i l i t a r y  
f i g h t e r  and bomber speeds t o  c i v i l  t r a n s p o r t  a i r c r a f t  speeds. 
divergence i n  t h e  t r a n s p o r t  speed t r end  shows t h e  d i f f e r e n c e  
between subsonic and supersonic  a i r c r a f t .  

O r i g i n a l l y  c i t e d  by Lenz*, 

The 

IO. 000 

7.000 

5,000 
4, CQo 
3,000 

2,000 

2 1,500 
E 
d I. ooo 
W W 

700 

5 500 
400 

a z 300 
X 

200 

150 

100 

c 

E 

Figure 1 - Speed Trends of  A i r c r a f t  

As shown i n  t h e  Figure,  a s  t h e  m i l i t a r y  ques t  f o r  f a s t e r  
combat a i r c r a f t  pushed maximum speeds eve r  h ighe r ,  t h e r e  was an 
increas ing  t ime l a g  t o  t h e  at ta inment  of comparable speed by 
t r a n s p o r t  a i r c r a f t .  Not only was t h e  h igher  t r a n s p o r t  speed 

* Orig ina l ly  c i t e d  by R .  C .  Lenz, Jr., i n  "Technological Fore- 
cas t ing , "  ASD-TDR-62-414, Aeronaut ical  Systems Divis ion ,  AFSC, 
June 1962, with r ev i s ion  t o  inc lude  subsonic  t r a n s p o r t  t r e n d  
data, March 1972. 
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progressively more difficult and expensive to achieve, but it 
also was not considered so important a performance parameter to 
transport aircraft as it was to combat aircraft. The step of 
using jet engines for transport aircraft in the late Fifties 
improved the time lag somewhat, but it quickly lengthened again. 
With the advent of supersonic transports such as the Anglo-French 
Concorde and the Soviet TU-144, another step change in this 
relationship appears at hand. 

0BSERVb.T IONS 

Several important summary observations can be derived from 
the foregoing historical discussion of aviation progress and the 
significant technological advances that have been made in aviation 
since 1925. 

F h ~ t ,  U.S. avihXon m ~ . U y  began to gkow and p ) ~ o b p a  
d k r g  t h e  Twevttied. A large number of early advances, 
primarily airframe and engine oriented, were stimulated by civil 
aviation needs, but nearly all were influenced by the work, 
research, and experimentation of Government agencies. 

Second, mdX.&vcg ~ p o n b o f ~ 6 k i p  and $.ihb.t ube have chahac- 
W t i z e d  mobR 06 Xhe b.igni&Lcan;t Xtechnobgid advances t h a t  have 
bem made since Rthe beginning 06  Woad WLUL 'IT. This has resulted 
from the priorities and R&D needs associated with the DoD mission 
of developing qualitatively superior aerospace systems for the 
defense of the Nation. 

Tk ihd ,  r n i U t m y  hedeahch, deveLopment, Zest,and eu-n 
u 6 d l g  have p o v i d e d  the bash dm t h e  accepXance and u6e b y  Civ . i l  
aviation 0 6  Rechnobogicd advancement. 
probably the best example of the civilian application of a military 
sponsored research, development,and production base. 

The jet airliner is 

Fowdh,  avh.LLon phoghebh has many con?%lbuJtoU. Several 
advances have had their basic origins in foreign countries, with 
the U.S. exploiting them in further development and use. Technical 
disciplines and sciences in many areas have been involved, such as 
those in meteorology, human factors,and aviation medicine that are 
often not considered. 
whether the need has developed from military or civilian aviation 
sources, have been important contributors to the progress that has 
been achieved. 

In addition, Government non-defense agencies, 
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Z e c h o L o g k a L  advanced .that mag bc expecfed. These include the 
rapidly rising costs of research and development, the impact of 
public concern for the environment, the challenge of foreign 
competition to U.S. civil transport aviation, and a changing and 
evolving military threat. 

0 F i W y ,  kccent advanca ahow a fiend ,to taM Agh&WI 
cor?i.duut&ior? in ghocuing Irecogvdion 06 ;the duct ;tht Rhe 
aihchaaR iA&$ on ly  one 06 a h.gm capabiLLtg ptroblem. 
The military has pioneered in this area of integrated system 
design, and now civil aviation is adopting a similar approach. 
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SECTION I V  

N I L I T A R Y  RESEARCH AND TECHNOLOGY PROGRAR RELEVANCY 

TO C I V I L  A V I A T I O N  R G D  NEEDS 

This section summarizes civil aviation RED needs, as identified 
in the recently completed Joint DOT-NASA Civil Aviation Research and 
Development (CARD) Policy Study, as well as the current and planned 
military research and technology efforts that provide relevant con- 
tributions to these needs. 

C I V I L  AVIATION RGD NEEDS 

The majoh ptrabkkm 06 C i u a  a v k 5 o n  t h a t  4eqcLirce &meabed 
m p h a s i ~  and k igh  phiotLity R€V ptrogmmh me n o h e  abaZement, &fie6  
06  congaZion i n  a/rm 06 Cugh t ~ u x 6 5 . i ~  d e d X y ,  and Low den6Ltq &ha&- 
herd lx.unspohtf&lon. 
very important to the future of civil aviation, especially those 
relating to long-haul transportation, air pollution, air cargo, and 
the broad technology base supporting all of the needs. 

Additionally, there are other problems that are 

NOISE ABATEMENT 

kihcnnbt n o A e  abntement h a  been abhigned .the k ighest  p)Lio)Lcity 
becaube 06 w i d a p e a d  publ ic  concNn 604 &e envLtonment and because 
t h e  AUCCUA 06 t h e  n o d e  abaAement p t r a g m  w4.U abbe& ihe so&.&hn6 
t o  ptloblclm6. The need for noise abatement research and tech- 
nology will continue until aircraft noise is no longer a matter of 
military or public concern. 

Solution of the noise problem will require balanced and compre- 
hensive RED programs designed to include research in psychoacoustical 
phenomena, basic noise generation mechanisms, and quiet engine tech- 
nology; the reduction of noise generated at the source through im- 
proved design of aircraft and engines; the optimization of the flight 
path of aircraft through use of steep descent and curved approaches; 
and the development of better planning and control for use of land 
adjacent to airports. 

CONGESTION 

IV- 1 



t e h n t b ~ ~ & .  I ts  s o l u t i o n  w i l l  involve en organized e f f o r t  d i r e c t e d  a t  
a i r  t r a f f i c  c o n t r o l ,  runway capac i ty ,  ground con t ro l  o f  a i r c r a f t ,  
terminal  processing, access and eg res s ,  parking,  and a i r p o r t  a c q u i s i -  
t i o n  and development. 
c r ease  both capac i ty  and s a f e t y ,  as well as t o  b r ing  r i s i n g  ope ra t ing  
c o s t s  under c o n t r o l .  

The airways system should be upgraded t o  in -  

A cew short-haul  system, separated as much as p o s s i b l e  from t h e  
p re sen t  long-haul system, could h e l p  r e l i e v e  congestion a t  e x i s t i n g  
a i r p o r t s ,  e spec ia l ly  those i n  areas of high t r a f f i c  dens i ty .  A con- 
t ende r  f o r t h i s  new system could be one making use of  STOL aircraf t .  
The CARD Study suggested t h e  use of  s e v e r a l  a i r p o r t s  as RGDtools f o r  
demonstration and experimental purposes r e l a t e d  t o  a l l e v i a t i n g  te r -  
minal congestion. Areas of emphasis would include o f f - s i t e  passenger 
and cargo processing, automated passenger processing,  a i r c r a f t  ground 
c o n t r o l ,  and a l t e r n a t e  procedures t o  s e t  t akeof f  and landing p r i o r -  
i t i e s .  

LOW DENSITY SHORT-HAUL TRWSPORTATIOh 

ke though  l o u w i  i n  &uhi;ty Zhan noine and conges l t i on ,  .?lokh.ti0n6 
t o  R h  phUblenlb 06 ~ O U '  d e ~ ~ A L t y  A h ~ t r Z - h d  AULVLC~ Ultee be h p O ~ v l J t  
Ac t h e  &~~3alre (16 c i v i l  aviat ion ami t o  ia2 abiRi;ty t o  con&dbde  Xo 
fire go& c d  a%e k?&on. Increased RED and o t h e r  a c t i o n s  w i l l  be 
necessary in  o rde r  t o  o b t a i n  b e t t e r  s o l u t i o n s  t o  t h e  problems. 

Studies should be conducted t o  examine p o s s i b l e  design concepts 
f o r  loh densi ty ,  short-haul  a i r c r a f t .  A combination of  t h e s e  s t u d i e s  
arid market experiments could lead t o  t h e  d e f i n i t i o n  of an a i rcraf t  
rrhich would have t h e  capac i ty ,  economics and Ferformance cha rac t e r -  
i s t ics  t o  best serve t h e  low d e n s i t y  markets. 

L.OKG-kIAUL TRAKSPCRTATION 

Tire l o f i g -hau t  ma/rkc,t had l u n g  been t h e  backbone ad t h e  U. S. 
c i v i l  xharupotit avia.tLan A'rzdulttLq. C u n ~ , t m t t  hp40veme& i n  RechnaL- 
ogq don long-haul u e k i c l e n  and X h e h  p4apuRnion ~yaXtems ahe e ~ ~ e n t i a Q  
kc C O M R ~ C L C ~ C I  U. S. l e a d m h i p  in ttkin d i e l d .  
gram r e l a t e d  t o  supersonic t r a n s p o r t s .  
ob jec t ions  t o  these veh ic l e s ,  t hey  o f f e r  t h e  promise of increased pro- 
d u c t i v i t y ,  e s p e c i a l l y  f o r  i n t e r n a t i o n a l  rou te s .  
hould include research t o  reduce n o i s e  and a sha rp ly  focused program 
t o  assess cpper atmosphere p o l l u t i o n .  

Included would be  pro- 
If RGD can h e l p  remove 

Important areas 

A TR POLLUTIOA' 

Ariutlren ntr.l~a &equihir?g cum5nued atter- f io!? A potXuRian &om 
eng i r?e  cxhfluA,t m i b b i o M .  J e t  a i r c r a f t  produce only about one-seventh 
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of the pollution per passenger-mile when compared with automobiles. 
With the growth predicted for civil aviaton in the future, however, 
this level may not be acceptable, and intensified RED in engine cycles 
and fuels will be required if this problem is to be alleviated. 

A I R  CARGO 

ketlzcugh t h e  a,& ctvqa mea &a ih  h p o h t a n t  .to .the &.tu~e ob 
c k i - t  avia.ti.on, .the G o v m n m e n t ' ~  tole  d o t  Zhe pe6ent could become 
pbl.nia&@ one 06  s&ng b.ttMdatr& and abdUrting aadety. In accepting 
the responsibility for standards and safety, it would be important 
for Government to sponsor the R&D necessary to discharge this obliga- 
tion effectively. 

BROAD- BASE TECHNOLOGY 

A g e n W  dind ing  06 t h e  CARD %dy urn Ithat the v a t i e d  p o b t e m  
06  0iv.i.t aviaLLon KeqlLine bmad-base plrogma i n  heseahch and devetop-  
me,rd, inceuding inclreaned m p h d  on n o n - p h y a W  sciences auch ab 
eCononiiCd and sociclogg.  

Such programs would include: (a) systems engineering, simula- 
tion, and trade-off studies of new concepts for air traffic control 
and airport design; (b) improving the accuracy and increasing the 
applicability of aerodynamic theory; ( c )  aircraft configurations 
suitable for both the long- and short-haul markets and incorporating 
advanced technologies such as new VTOL and STOL concepts and super- 
criticill aero&pamics; (d) --r*---- 4 m = r - ~ i i  onghe cyr.les t o  minimize noise 
generation, increase thrust-to-weight ratio, and reduce specific fuel 
consunption; and (e) improved structural concepts, materials, and 
fabrication techniques to reduce the structural weight fraction and 
thereby permit greater payloads and longer ranges for advanced air- 
craft. 

Broad-base technology programs would produce the technology 
necessary to solve the varied problems of civil aviation, to allow 
civil aviation to achieve its full potential, and to provide options 
for future developments. 
would be necessary in several basic disciplines, including avionics, 
communications, aerodynamics, propulsion, structures, human factors, 
arid applied mathematics. 

As always, research and technology programs 

M I L I T A R Y  RESEARCH AND TECHNOLOGY PROGRAMS RELEVANT TO 
C I V I L  A V I A T I O N  RGD NEEDS 
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needs o f  c i v i l  t r a n s p o r t  a v i a t i o n  described above. S p e c i f i c  r e f e r -  
ences t o  the programs of o t h e r  Government agencies are included when 
such efforts r e f l e c t  j o i n t  programs o r  when d i r e c t  i n t e r f a c e s  a r e  
i nvo 1 ved . 

A s  s t a t e d  previously,  t h e  CARD Study r e p o r t  was used as  t h e  
source document f o r  i d e n t i f i c a t i o n  of  t h e  needs. Although t h e  CARD 
Study was accomplished during t h e  per iod when t h e  Supersonic Trans- 
p o r t  (SST) %as an approved program, and t h e  r e s u l t s  and p r i o r i t i e s  
might change somewhat i f  t h e  CARD Study were updated today, it i s  not  
b e l i e l e d  t h a t  t h i s  would a f f e c t  t o  any ex ten t  t h e  manner i n  which 
m i l i t a r y  research and technology program relevancy has  been d e t e r -  
mined. 

However, one s i g n i f i c a n t  d i f f e r e n c e  does e x i s t  between t h e  
s t r u c t u r e  of t h e  CARD Study o f  c i v i l  a v i a t i o n  RED needs and t h e  
RADCAP discussion of t h e s e  needs. 
short-haul  t r a n s p o r t a t i o n  was considered p a r t  of t h e  congestion prob- 
lem. In t h i s  r e p o r t ,  however, t h e  m i l i t a r y  RGD programs r e l a t i n g  t o  
low d e n s i t y  and high d e n s i t y  short-haul  t r a n s p o r t a t i o n  are both 
t r e a t e d  i n  an o v e r a l l  review o f  short-haul  t r a n s p o r t a t i o n .  

In t h e  CARD r e p o r t ,  h igh d e n s i t y  

MILITARY RESEARCH AND TECHNOLOGY RELEVANT TO NOISE ABATEMENT 

The  Army, Navy, and A i r  Force a r e  major p a r t i c i p a n t s  i n  
t h e  Interagency A i r c r a f t  Noise Abatement Program under t h e  l eade r sh ip  
of t h e  Department of  Transportat ion (DOT). 
progran i s  t o  achieve maximum reduct ion i n  a i r c r a f t  n o i s e  by optimiz- 
ing t h e  noise reduct ion p o t e n t i a l  from each element of t h e  system - 
v e h i c l e s ,  methods of ope ra t ion ,  and a s s o c i a t e d  land use  s t r a t e g i e s .  

The broad goal of t h i s  

0 In a d d i t i o n ,  Army development e f f o r t s  are d i r e c t e d  a t  
h e l i c c p t e r  ncise reduct ion and q u i e t  propuls ion f o r  l i g h t  a i r c r a f t .  
These programs are consider ing both engine and aerodynamic no i se .  
Hel icopter  i n v e s t i g a t i o n s  include t h e  s tudy of r o t o r  n o i s e  generat ion 
and propagation, and experimentation with a l t e r n a t i v e  techniques f o r  
no i se  e l iminat ion and suppression. 
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O Acoustic efforts within the Navy include quiet propul- 
The Navy is also conducting sim development for V/STOL aircraft. 

RGD programs related to the noise environment of an aircraft carrier. 

0 The Air Force is conducting research for determining 
basic noise generation nechanisms, developing noise suppression tech- 
niques and quiet engine technology, and investigating sonic boom 
propagation. In addition, the Air Force is conducting basic research 
and developing equipment to aid in evaluating the effects of noise. 
Related efforts are directed to the effects of noise on surroundings, 
the development of more refined noise impact criteria, the psycho- 
acoustic impact of noise, and land use planning techniques. Finally, 
a planned Air Force development program for the Advanced Medium STOL 
Transport engine will be directed t o  meet Federal Aviatior. Regulation 
(FAR) 36 noise standards. 

0 The modification of the aircraft flight path to reduce 

All three 
the noise level in ther terminal vicinity is another method of reduc- 
ing the aircraft noise impact on noise-sensitive areas. 
of the military services are participants in the National Microwave 
Landing System (WLS) Program. This system will aid in noise abate- 
ment and congestion reduction by allowing new flight profiles, greater 
traffic density, and m r e  efficient operational procedures. 

MILITARY RESEARCH AND TECHNOLOGY RELEVAKT TO AIR POLLUTION 

0 The Climatic Impact Assessment Program (CIAP) was under- 
taken by several Government agencies under DOT leadership. 
gram will conduct a complete assessment of the impact of supersonic, 
high altitude aircraft operations on the atmosphere. Engine testing 
and the modeling of atmospheric physics will be the primary contribu- 
tions of the Navy and Air Force. 

This pro- 

0 The Air Force also has a program with the Atomic Energy 
Commission to identify and document by high altitude photography the 
locations, dimensions, apd diffusion of atmospheric pollutants. Other 
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A i r  Force work i rx ludes  t h e  development of s h o r t  length/high heat  
r e l e a s e  cornbustors, an i n v e s t i g a t i o n  o f  t h e  f e a s i b i l i t y  of using c a t -  
a l y t i c  combustors, and a program t o  employ l a s e r  spectroscopy i n  
developing an instrumentat ion system which w i l l  i d e n t i f y  s p e c i f i c  
po l lu t a l l t s  under dynamic condi t ions cn a r ea l - t ime  b a s i s ,  and be 
packaged i n  a mobile wit .  

0 The Navy has a s tudy of  s e v e r a l  systems t o  c o n t r o l  emis- 
s ions  from j e t  engine t e s t  c e l l s ,  and has a prototype system under 
construct ion.  This system i s  expected t o  remove 99 pe rcen t  of t h e  
p a r t i c u l a t e  matter from engine t e s t  ce l l  emissions.  Navy i n t e r e s t  i n  
smokeless operation l e d  t o  development of  smokeless combustor cans 
which have g r e a t l y  reduced v i s i b l e  emissions from j e t  engines.  These 
cans a r e  now being i n s t a l l e d  by c i v i l  t r a n s p o r t  a i r l i n e s .  
year  1976, a l l  Naval combat a i r c r a f t  are expected t o  be equipped with 
smokeless combustors. 

By f i sca l  

0 The e f f o r t s  of t h e  Army are d i r e c t e d  t o  t h e  unique prob- 
lem of small gas t u r b i n e  combustors. 
t h e  best design approach f o r  small gas t u r b i n e  combustors with low 
mass emissions. 

The o b j e c t i v e  is  t o  determine 

MILITARY RESEARCH M D  TECHNOLOGY RELEVANT TO CONGESTIOK 

Airways Congestior? 

The crux of a l l  airway ope ra t ions  i s  t h e  A i r  T r a f f i c  Control 
(ATC) System t h a t  contains  s u r v e i l l a n c e ,  communications, nav iga t ion ,  
and weather s e r v i c e  funct ions.  
t e d  t o  t a c t i c a l  s i t u a t i o n s ,  such as forward areas and a i r c r a f t  car- 
riers, t he re  should be  spin-off b e n e f i t s  t o  c i v i l  a v i a t i o n  i n  both 
t h e  hardware and ope ra t iona l  d a t a  a reas .  

Although m i  l i t a r y  programs a r e  d i r e c -  

0 The Kational Nicrowave Landing System development involves  
a l l  t h r e e  o f  t h e  m i l i t a r y  s e r v i c e s ,  and t h e  f i n a l  system s e l e c t e d  f o r  
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use is planned to be compatible with both civil and military opera- 
tions. The effort will not only help to alleviate congestion of air- 
ways and terminal areas, but it will also permit optimum curved or 
steep landing approaches, thus Rinimizing noise exposure of the popu- 
lation adjacent to airports. 

0 Present Army research and technology programs relating to 
airway development include a landing guidance system specifically 
designed for helicopter operations. 
beam of broad coverage which provides for multiple approach paths. 
Improved distance measuring equipment also is being developed, and 
the A m y  Automated Air Traffic Management System Program is composed 
of tasks on enroute, approach, and departure control, and airborne 
subsystems. Current priority is being given to the air-ground digi- 
tal data link and tactical landing tasks. 

This system utilizes a scanning 

0 A development program is underway to provide an in-flight 
monitor for the Navy automatic carrier landing system, which employs 
a microwave scanning beam technique. 
ments in the Air Traffic Control Radar Beacon System, the Navy also 
is developing a Traffic Management Systen: Control and lightweight 
three-dimensional ground controlled intercept radar giving digital 
data concerning aircraft at long range and high altitude. 

In association with the develop- 

0 Current Air Force development efforts for improving the 
Trrffic Control Approach and Landing System include improved methods 
for tower display of altitude and identity information. 
also has extensive researcn ana tecririuiuyy e~~~~ -ddw-A---- ..____ 
traffic control centers. Man/machine interface programs wili develop 
Pore efficient displays and data handling systems, and determine psy- 
chological and physiological tolerance limits for the air traffic con- 
troller. 

The Air Force 
’ - -  -cC--+e -~cenrin+pa w i t h  air 

0 Navigation and guidance systems receive continuing research 
and development attention by the DoD. 
automatic terminal area navigation control concept that includes four- 
dimensional coordinates for both transports and helicopters, and an 
Army program provides for the development of a common positioning and 
navigation system employing LORAN position locators and airborne re- 
ceivers. 

The Air Force is developing an 

0 New air traffic control concepts and operating procedures 
require much improved communication links. 
Locating, Reporting, and Control of Tactical Aircraft System is based 
on a highly connective, high capacity, and jam-resistant digital com- 
munications system. In addition, the Army is currently developing the 
TRI-TAC System which is a digital transmission and switching system. 
The digital amroach provides for an integrated and totally interfaced 
system of the- type required for future communications. 

The Air Force Position 
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0 Current and planned military communications satellite 
programs include the Defense Satellite Cornmication System, Tactical 
Satellite Communication System, and the new Fleet Satellite Communi- 
cation System, which will eventually replace the tactical system. 
The current operational military navigation satellite program is the 
Navy TRAXSIT System. Under the Communication, Navigation, Identifi- 
cation (CNI) Program, the Air Force is accomplishing concept formula- 
tion studies and advanced development efforts for an integrated satel- 
lite system serving communication, navigation, and cooperative iden- 
tification functions. 

0 Several alternate approaches for providing collision warn- 
ing and avoidance capabilities to future aircraft also are under de- 
velopment and evaluation. A Joint DOT-DoD Program recently has been 
established to evaluate all competing techniques as a basis for selec- 
ting a national standard for a collision avoidance system. 
ground-based and cooperative airborne techniques are being considered. 
Full collision avoidance systems, which compute and display evasion 
instructions, and simpler proximity warning devices are included. 

Both 

0 Warm fog  comprises 95 percent of all types of fog that 
This type of fog has such an adverse 

Warm fog also causes an estimated 

occurs in the United States. 
effect on military operations that techniques to dissipate warm fog 
are being investigated by DoD. 
economic loss of $75 million annually to civil aviation; therefore, 
DoD develoFment of warm fog dissipation techniques will have direct 
economic benefits to civil aviation. In addition, DoD's future plans 
include programs to: 
range weather forecasts; develop improved weather data dissemination 
systems; decrease the intensity of hurricanes by seeding; and pro- 
vide automated pilot weather briefings. 
have spin-off economic benefits to the scheduled airlines. 

improve the accuracy of terminal area short 

All of these programs will 

0 Clear air turbulence (CAT) causes passenger discomfort 
and occasional serious injury or death. In severe instances of CAT, 
structural damage to the aircraft may occur. Therefore, the need to 
detect and avoid CAT is important. The Air Force program of experi- 
mental investigation is t o  develop improved techniques for the fore- 
cast CAT-prone areas and t o  establish meteorological bases for the 
development of airborne devices to detect CAT ahead of the aircraft. 
A concentrated field observation program of an exploratory nature 
will be carried out with measurements from radar, aircraft, and 
meteorological sensors. 

Thun, the VaD c o n a % b d a n  t o  Ithe phableni ad cvrzga t ion  ari the. 
na; t ion 'd  aAuuc~yb cou ld  bc v m q  A i g l u 6 i c a r z r t .  
teclzr;a4agy bane 
Xthe c i v i L i a u  REV rieedb h a h .  Majm hpLn-c66 beneb& a h o d d  
heclLl&. 

The Po0 hebeahch and 
ex ten~i~1e ,  and t h e  hdevarzcy a6 DOC phmjtuunh t o  
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Airport Congestion 

0 Military research and technology programs that contribute 
to civil aviation include several efforts related to airfield opera- 
tions. For exanple, runway operations are a critical problem for 
both military bases and commercial airports. 
programs for pavement design ar?d test, and runway clearance, are 
directly applicable to airport operations. 
rently involved in a joint runway research program, Combat Traction, 
which is investigating slipperiness criteria for runways, and develop- 
ing simulation techniques for determinifig the stopping characteristics 
of an aircraft. 
ating runway smoothness standards. 
for improving survey and instrumentation methods to determine runway 
smoothness as a function of time, traffic load, and weather. Also 
involved are studies of runway configurations. 

Military development 

The Air Force is cur- 

In addition, the Air Force is responsible for gener- 
This includes development efforts 

0 Development efforts in base support and life support also 
Base support items such as air- are being conducted by the military. 

craft hangars, electrical generation equipment, runway sweepers, heavy 
equipment, fire fighting equipment, and fuel handling techniques are 
all applicable to both military and civil operations. Life support 
items such as protective clothing and acoustical head gear are under 
continuing development by the military, and problems related to air- 
craft servicing and accident handling are common to both military and 
civil aviation 

PIL ITARY RESEARCH AND TECHEOLOGY RELEVANT TO SHORT-HAUL TRANSPORTATION 

Prototype Developments 

0 The Army has several current and planned prototype 
development programs related to V/STOL aircraft. 
attack helicopter. 
capability, its development technology should be applicable to 
future vehicles. 
ity Tactical Transport Aircraft System (UTTAS) helicopter. 

One is for an 
Although it will have no direct transport 

Second is the prototype development of a Util- 
The UTTAS 
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will have a basic weight of approximately 9,500 pounds and be capable 
of carrying :i squad (11) of combat troops and their mission-essential 
equipment (240  pounds each). The transport will utilize modular com- 
ponents, diagnostic fault equipment, and simplified maintexiance proce- 
dures. 
planned to be useable by all three services. 
have a gross weight of approximately 115,000 pounds and a payload cap- 
ability in excess of 20 tons. 

aircraft and a longer endurance sensor platform V/STOL aircraft in 
the 20,000 t o  40,000 pound class for the Sea Control Ship. For a 
ship-to-shore transport, consideration is being given for a major 
niodificaticn of an existing helicopter in the 40,000 to 50,000 pound 
category. In addition, the Navy is investigating tilt wing, tilt 
rotor, and lift cruise engine concepts for  V/STOL propulsion systems. 

Third, the Army's proposed Heavy Lift Helicopter (HLH) is 
This helicopter will 

0 The Navy now has reviewed proposals for a V/STOL Strike 

0 The Air Force has evaluated proposals for the advanced 
prototype development of an Advanced Medium STOL Transport. This 
jet STOL aircraft would carry a 15 ton payload, have a mission 
radius of about 500 nautical miles, and operate in and out of un- 
improved 2,000 foot airstrips. The objectives of the proposed 
project are to: (1) design, fabricate, and evaluate a prototype 
aircraft which will demonstrate in hardware, new technology, which 
after additional engineering development will provide a medium sized 
(C-130 class) jet STOL transport; (2) provide a low cost development 
option for modernization of the tactical airlift force; (3) obtain 
visibility on costs associated with short field performance; and (4) 
define STUL operational rules, safety rules, and related design 
criteria. 

Engines 

0 The UTTAS prototype developments will utilize the GE-12 
engine which has a 1,500 shaft horsepower output, and has an increased 
power-to-weight ratio over previous engines. Other advantages include 
higher operating temperatures for higher thermal efficiencies and 
lower specific fuel consumption, and the use of high-pressure ratio 
sections in front of the engine to help increase power and reduce 
fuel consumption. 

0 A 4,000 pound class Garrett three-spool turbofan engine 
is under development by the Air Force. 
have an inherently lower noise level than contemporary engines of the 
same thrust level. 

This engine is expected to 

0 An engine developn!ent program for a new propulsion system 
suitable for an Advanced Medium STOL Transport aircraft system also 
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is being considered. 
and will provide significant improvements in performance, thrust/ 
weight ratios, pollution and noise control, simplicity, and maintain- 
ability. 
improved operating economics and be capable of FAA certification. 

The engine is in the 20,000 pound thrust class 

These improvements would allow an AMST to have significantly 

0 Another engine related development applicable to STOL 
vehicles is a Teledyne gas generator that features an axial compres- 
sor followed by centrifugal compressor, vaporized combustor, and two- 
staged turbine. This gas generator technology is being developed for 
use in engines for light to medium gross weight logistics aircraft 
and lightweight fighters. 

0 In addition to the prototype development programs, the 
Army and Navy are conducting several technology development programs 
applicable to engines for helicopter and V/STOL operations. 

The Army Small Turbine Advanced Gas Generator (STAGG) 
Program will develop gas generators for a series of small 
engines in the 1 t o  2 and 3 to 5 pounds/second air flow 
class. 
what eventually will be turboshaft engines for ground 
vehicles or small rotary or fixed wing aircraft. The 
approach the Army is using is similar to that of the Air 
Force in the Advanced Turbine Engine Gas Generator 
(ATEGG) Program, which results in a technology "stable" 
upon which engines can later be built for specific appli- 
cations. 

These gas generators are to be the "cores" for 

The Navy advanced V/STOL propulsion project will develop 
those areas of propulsion technology that are applicable 
to V/STOL systems and will lead to development of demon- 
strator systems. 
temperature technology under this project. 

The Navy also is conducting high 

Equipment 

0 A major current effort in vehicle equipment is the air 
cushion landing concept of the Air Force. This revolutionary landing 
gear would replace conventional wheels, tires and brakes with a cush- 
ion of air which is maintained beneath the fuselage. 
being prototyped on a deHaviland "Buffalo1' in a joint effort with the 
Canadian government. 

A system is 

0 The Army has started a program to design, develop, con- 
struct, and fatigue test critical components for an advanced technol- 
ogy V/STOL propeller system. 
the weight of an advanced propeller system by one half from present 
standards, mainly with advaiiced mziterla:s s ~ c h  9s w ~ p n s i t e s  and 
design/packaging techniques. 

The goal of the program is to reduce 
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K I  LITARY RESEARCH AND TECHKOLOGY RELEVANT TO LONG-HAUL TRAKSPORTATION 

0 Supercritical aerodynamics apply particularly to long- 

Joint NASA-DoD flight test pro- 
haul aircraft and promise improved transonic flight by materially 
increasing drag rise Mach number. 
grams will provide full-scale verification and correlation of the 
many wind tunnel tests and analysis performed by NASA. 
planes, a T-? and F-8, are presently used, and the Air Force F-111 
is planned to be used, to determine the effects of wing thickness, 
aspect ratio, and wing sweep at varying airspeeds. 

Two Navy air- 

0 The Air Force Control Configured Vehicle (CCV) Advanced 
Development Program will develop and validate automatic flight con- 
trol technology for a large aircraft. 
to be developed include augmented stability for an aerodynamically 
unstable aircraft, flutter control, ride control, and maneuver load 
control. The interactions and compatibility of these control func- 
tions will be investigated. The ride control development will pro- 
vide the first flight experience with a ride system using dedicated 
miniature control surfaces and will provide the technology base nec- 
essary to integrate such capability into other systems performing 
other structural response control functions. Maneuver load control 
is the use of control surfaces to provide direct lift (positive or 
negative) during maneuver on various parts of the wing to minimize 
bending moments created by the maneuver. 
flight testing in 1973. Presently, a survivable flight control sys- 
tem emphasizing redundant fly-by-wire techniques is in test and evalua- 
t ion. 

The specific control functions 

This system will begin 

0 The teclinology incorporated in the B-1 advanced strategic 
bomber will have civil aviation applications, primarily in the engine 
and airframe areas. 
new materials for compressor blades, a single stage high pressure 
turbine, and improved turbine cooling technology. Airframe improve- 
ments will provide further knowledge of variable sweep, blended wing/ 
body configuration concepts in a large aircraft. 
trol will be used to improve ride quality. 
demonstrate the reliability of various nondestructive testing tech- 
niques. 
fracture-resistant materials will be obtained and made available. 

Engine developments of interest are the use of 

Structural mode con- 
Structural technology will 

Important data on producing and working titanium and highly 
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0 In addition, the Air Force currently has three engine 
developnient program applicable to the transonic/supersonic flight 
regime. These development efforts are part of the Air Force ATEGG 
Program previously mentioned. 
sion is presently running the GbtA-100 gas generator. 
efficiency, high pressure, variable geometry compressor, with short 
combustor and two-staged turbines. The General Electric Company is 
testing the GE14/JlBl. 
pressure-ratio compressor, a carbureting combustor, and a single stage, 
very high temperature air-cooled turbine. 
craft PWA 535 also is currently undergoing cyclic tests. 
generator incorporates an advanced transonic compressor, and high 
temperature single stage turbine. 

The Detroit Diesel Allison Divi- 
This is a high 

The components include a highly loaded medium 

The Pratt and Whitney Air- 
This gas 

0 Inportant to present and future transports is the use of 
military ground and flight testing facilities. 
facilities are available at the Air Force Arnold Engineering Develop- 
ment Center (AEDC) and the Naval Air Propulsion Test Center. 
recently suspended SST Program was utilizing AEDC engine test facil- 
ities. There also are many flight test centers available within DoD. 
Edwards Air Force Rase, California, has long been a major flight test 
center. Flight testing for the DC-10 and L-1011 is continuing to be 
conducted there. In addition, the SST Program had planned to utilize 
this large facility for supersonic flight testing. 

Large engine test 

The 

0 The hypersonic regime is not really a new area of work. 
Possible programs include an Experimental Cruise Aircraft which would 
permit the development and validation of hypersonic flight technology. 
ine program would liicliide the prepulsinn system, propiilsion/airframe 
integration, materials and structures to operate at high temperatures, 
control and. handling criteria at speeds greater than Mach 3,  and aero- 
dynamic heating. 
defined the general aerodynamic configurations of vehicles for hyper- 
sonic flight. 
rent Air Force-NASA X-24B Program will demonstrate subsonic, transonic, 
and supersonic characteristics of a future hypersonic configuration. 
The Navy Maneuvering Hypersonic Vehicle Configuration design study of 
lifting reentry also is contributing through the investigation of high 
heat load structures and attendant thermal protection system designs. 

--. 

Preliminary conceptual design studies already have 

In addition to the above "planned" program, the cur- 

MIL1TAP.Y RESEARCH AND TECHNOLOGY RELEVANT TO AIR CARGO 

0 The Advanced Medium STOL prototype effort will add to the 
cargo handling data bank, and the fieavy Lift Helicopter Program will 
provide improved cargo handiing iceciiniqucs iiiiicjiie t o  t r a n s p s r t  h e l i -  
copter operations. 
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0 In addition, the Army continues to lead in the develop- 
ment of containerization. 
military currently is the standard shipping container which has dimen- 
sioris of  8 feet x 8 feet x 20 feet, and a maximum carrying capacity 
of 2 2 . 4  tons. 
operations in a multi-modal transportation system concept. 

The major discrete logistics load for the 

The container will have applications to logistics 

MILITARY RESEARCti AND TECHNOLOGY RELEVANT TO THE TECHNOLOGY BASE 

Propulsion and Power 

A h o ~ t  evmy m.ietfahy p o p u R s i o n  /reheahch and t e c h n o l o g y  pto- 
gtuun c.oVtfrLibLLted Ro t h e  t e c h n o l o g y  base dolt c i v i l  a v W o r z .  
quirements for lower specific fuel consumption (SFC), increased thrust- 
to-weight (T/K) ratios, and lighter engines are not unique to civil 
aviation. 
parameters such as long range, increased maneuverability, and high 
acceleration rates. 

The re- 

The military states these requiretirents in terms of mission 

In the development of advanced propulsion systems, a new 
approach has been defined to assure the exploitation and transition 
of advanced propulsion technology at a reduced level of risk, and 
at a minimum cost. 
developing advanced gas generator components (compressors, combustors, 
and turbines) and system responsive components (inlets, fans, controls, 
exhaust nozzles, and augmentors) which have a high degree of flexibility. 
These are combined in an advanced technology demonstrator engine to 
establish the propulsion performance, and structural characteristics 
required for a class of military systetcs. 
trend is from a llstablel' of engines to a llstablel' of technology. This 
approach has been adopted by the DoD and incorporated in the Air Force 
Advanced Turbine Engine Gas Generator Program (ATEGG), the Army Small 
Turbine Advanced Gas Generator (STAGG), and the Navy Propulsion 
Component Technology Program (PCT). There are currently fifteen 
"demonstrator" engine projects being conducted. 

This "building-block" approach is based upon 

More simply stated, the 

~ 
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0 Related to the technology of propulsion is that of aircraft 
Both the DoD and DoT/FAA have been investigating fire protection. 

''safe" fuels for several years in efforts to obtain a less-flammable 
or non-flammable fuel. 
the payoff, in both military and commercial terms, will be very 
significant. 

If these efforts should prove successful, 

Met eoro logy 

The VoV uliee cuY1.tinuc, a6 i n  .the paa.t, ;tc be a%e d o l e  agency 
tfwt p o v i d e A  a m  uv.a&ieh kecannai64ance. 
p ~ o v i d e  invlLeuabte ahoaph4h.ic weatczetr ob44nvaZions o n  an in.tehnatia& 
b . i b  ,404 uumthetr a d y a h  puhpo~eb. T k i s  da&x ULiee be edpeciaeey 
v d u a b t e  i n  l o c a t i n g  and rneamJz.ivuj ,the i n t e n b L t y  a6 w e  4.tomh. 

0 The Army is developing an Automatic Meteorological System 
(AMs) to organize available observations within a given geographical 
area and to process, summarize, and transmit data in near real-time. 
This will aid greatly in short range (0-3 hr) local weather forecasts. 

The dtuta g d i e h e d  uliet 

0 Continuing Navy and Air Force support to the National 
Weather Service on hurricane research is designed to explore the 
structure and dynamics of hurricanes, improve prediction methods, and 
examine the possibility of modifying storm intensity. 

0 In addition, the Air Force is developing techniques and 
equipment to brief aircrews from a remote centralized weather 
facility. 
and telephone voice links is being used for this briefing system. 
Air Force plans to initiate centralized briefing service late in 1973 
t o  ten military air bases. 
to civil aviation, especially in low-density areas. 

A cnmbinatinn of c.oqut.erized weather forecasting, television. 
The 

This technique will have direct application 

Avionics 

I n  avionic6,  .the exi6.ting technology base. .i~ being 6wthen 
expanded by VoV e660t.t~ in comunka . tLo~~,  navigaZion, cov~.&ol, data 
Czanmng , and cumputm . t e c h n o h g i u .  

0 For example, the evolution of high capacity, automatic 
communications and data systems, both voice and digital, will ease 
the ever-growing communications traffic problems common to both 
military and civil aviation. 
cation to such proposed programs as the Oceanic Aeronautical Satellite 
(AEROSAT) Program for air traffic control and communications over 
broad ocean areas. 

This technology base has future appli- 
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0 The many DoD efforts involving large scale integrated 
circuit devices and component developments to meet military require- 
ments have direct application to a broad spectrum of civil aviation 
use, including computers, and monitoring and test equipment. Other 
DoD efforts directed at the miniaturization and ruggedization of 
components have the objective of more compact, lighter weight avionics 
equipment with greater reliability and reduced maintenance require- 
ments. 

0 Programs for the improvement of propulsion system 
materials have general objectives to provide suitable properties at 
increased temperatures and thus permit higher turbine inlet temperatures. 
Achievement of these goals will result in lighter weight engines or 
greater thrust-to-weight ratios. 

0 In structures, military efforts will produce metals with 
improved structural efficiency, creep resistance, stress/corrosion 
resistance, and higher operating temperatures. 
methods for making advanced composites at lower costs as well as 
advancing the use of composites through prototype structures and 
service testing will be continued. Improved techniques for non- 
destructive inspection of metals and composites will be applied. 
Improved joining methods (adhesive bonding, diffusion bonding, 
brazing, and glue welding) will be developed and improved to approach 
100 percent joint efficiency. I’he above materials efforts are aimed 
at producing lighter weight, fail safe structures. 

Manufacturing 

0 Other marerials research and technology programs relate 
to improved performance and long life in high temperature insulation 
materials, seals, and sealants (fuel and pressure), hydraulic fluids, 
canopies, and windshields. In addition, a new fractur,e mechanics 
design and analysis handbook will be completed by the Air Force in 
the near future. 

Human Factors/Aviation Medicine 

The m f i m y  d o  hacl e x t e n h i v e  neileatrch and technology 
p ~ o g m m d  .in human dactolhfi and av iuLion  medicine. Majon poblm MUA 
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4 Current projects in the field of flight training simu- 
lators are centered around the development of improvements in visual 
simulation of what the pilot sees through his windshield. Other 
aspects of flight training simulation that receive attention are 
motion simulation and the measurement of pilot proficiency in a 
simulator as a means of predicting his proficiency in actual flight. 
In addition, extensive man/machine interface programs are being 
conducted for air and ground systems. Some of the possible advance- 
ments from these programs are fast decision display techniques for 
airborne collision avoidance systems, reductions in aircraft 
accidents caused by human error, and more efficient displays and 
data handling methods in air traffic control centers. 

0 Flight training simulation and man/machine interaction 
developments will have direct application to civil aviation. The 
general aviation industry also could benefit from new advances in 
flight simulation and airborne displays. 

Air Vehicle Technology 

0 In flight mechanics, programs dealing with the 
compatibility of the jet engine with the air inlet, and improvement 
in overall integration of the airplane and engine, are expected to 
result in more efficient airplanes of increased performance. 
generalized aerodynamic prediction programs leading to computerized 
design techniques will shorten, as well as enhance the accuracy of, 
the design process. Programs in buffet criteria, high-lift and 
maneuvering devices, advanced airfoil and wing design, and drag 
minimization are aimed at extending the range and other capabilities 
of aircraft. 

The 

0 Advanced development programs in all-metal structures 
will provide demonstration of the advances recently made in fracture 
mechanics and in joining techniques which lead to lighter weight 
structures. 
designs that satisfy both strength and flutter constraints. 

Work in structural analysis will lead t o  optimum 
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In flight control, the concepts of CCV, augmented 
stability, maneuver load control, integrated direct lift control, 
and elastic mode control will be significant influences on aircraft 
design. 
flexibility and allow easy incorporation of specialized control 
functions. 
and an improved pilot-airplane interface are expected to result 
from this technology. 

Fly-by-wire control technology will permit greater design 

Load alleviation, an all-weather landing capability, 

0 
suppression are aimed at increasing performance envelopes and reduc- 
ing structural weight. Programs in buffet load research, vibration 
reduction, the dynamic characteristics of composite structures, and 
advances in theoretical unsteady aerodynamics will improve flight 
safety and reliability. Also contributing to design advances are 
programs in sonic fatigue, particularly those directed to structural 
elements that are exposed to both high temperatures and noise levels, 
such as nacelle acoustic treatments and nacelle fairings. 

In vehicle dynamics, programs in active flutter 

Vehicle equipment programs involving research in 
environmental control systems, which provide stable and suitable 
environment in all compartments of the airplane, are underway. 
This almost exclusively military supported research area leads t o  
safer, more reliable airplane operations. 

ASSESSMENT OF RELEVANCY OF M I L I T A R Y  AERONAUTICAL RESEARCH 
AND TECHNOLOGY PROGRAMS TO C I V I L  A V I A T I O N  RED NEEDS 

It was pointed out, however, that there are differences in 
degree or extent of relevancy when individual areas of civil 
aviation R&D need are considered. 
these variances, specific relevancy assessments have been made. 
Each area of civil aviation RED need has been rated according to a 
scale of three relevancy values: high, moderate and low. The 
ratings are based on an assessment of the number of military aero- 
nautical research and technology efforts involved, their degree of 
potential application to the civil aviation R6D need, and the depth 
and magnitude of the military program. 
in Table 9. 

Thus, as a means for highlighting 

The assessment is summarized 

In both noise abatement and air pollution, the military 
services are major participants in several interagency programs, 
and separately are conducting a wide variety of fundamental research 
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and technology programs with important spin-off applications. In 
noise abatement, the military projects are just getting underway, 
and so the relevancy assessment is "lowDtl with an upward trend 
indicated. However, the levels of noise abatement and thus the 
technical solutions that may be required of civil systems may not 
be compatible with military performance and operational require- 
ments. In air pollution, on the-other hand, the military has been 
active for several years - for perhaps different reasons than today - and so the relevancy assessment is "moderate," with an upward 
trend also indicated. 

Table 9 

Relevancy Assessment 

I 
C I V I L  TRANSPORT M I L I T A R Y  TECHNOLOGY 

A V I A T I O N  RCD NEED PROGRAM RELEVANCY 

N O I S E  ABATEMENT LOW 

A I R  POLLUTION MODERATE 

CONGESTION 

AIRWAYS 

AIRPORTS 

H I G H  

LOW 

I SHORT HAUL TRANSPORTATION H I G H  

LONG HAUL TRANSPORATIOW MODERATE 

A I R  CARGO MODERATE 

TECHNOLOGY BASE HIGH 

In the airways aspect of congestion, it is clear that the 
military services have many important air- traffic control, navi- 
gation, and communication research and technology programs. 
Accordingly, a "high" relevancy rating is assigned. 
airport aspect of congestion, however, only military runway efforts 
seem pertinent to the civil problem. 
is lllow.tt 

Regarding the 

Thus, the relevancy assessment 
No change in trend in either case is anticipated. 

The degree of compatibility between military research and 
technology programs and the short-haul transportation RID needs of 
civil transport a v A a b A u a a  - - - J - * G - -  -1cn Is clearly The numerous 
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helicopter, STOL and V/STOL efforts of the military certainly will 
be beneficial to civil aviation. 

In long-haul transportation, there are several significant 
military research and technology efforts, such as the Supercritical 
Wing and Control Configured Vehicle Demonstrations, hypersonic 
research, and B-1 spin-off applications. 
relevancy assessment has been made because it cannot be shown that 
the military projects are broad-base in nature when all of the 
possible civil aviation RGD needs in long-haul transportation are 
considered. In addition, a downward trend is indicated because 
the military does not have any long range transport aircraft develop- 
ment programs under active consideration at this time. 
extent and number of future military programs in this area could 
decrease. 

However, only a "moderate" 

Thus, the 

In air cargo RGD, very few new military projects are being 
considered. However, because of past work, and because improvements 
in cargo handling and containerization still are being made, a 
"moderate1' rating has been assigned. 

Finally, the relevancy of the underlying technology base 
developed as a result of military programs is excellent in all of 
the disciplines, and a "high" relevancy assessment is the result. 
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SECTION V 

The preceding section examined current and future military 

The relationship between aeronautical designs, equipment 

aeronautical "research and technology" programs in relation to the 
aeronautical RGD needs of civil aviation as identified by the CARD 
Study. 
and hardware generated in military programs and the design, develop- 
ment,and production of civil airliners will now be considered. The 
nature, timing, and trends of this process are examined with refer- 
ence to six specific examples. 
Boeing 707 and Douglas DC-8 in the mid-l950s, and continue with 
inclusion of the Boeing 747 and McDonnell-Douglas DC-10 in the late 
1960s. Examples for the future include a Medium STOL Transport (MST) 
and an Advanced Supersonic Transport (ASST). 

These case studies begin with the 

OVERVIEW 

BACKGROUND CONSIDERATIONS 

AX t h e  prre~ent Lime t h e  devctopnent and prrodu&on ob a w e  
&J'e-to&& U& j h - b a  j &  camm&t& &9??&:.?jL .th n_ m&ti-&[&&fl 

d o U m  ventw~e. The engineering manpower required averages on the 
order of 5000 personnel for about 30 months during the key portion 
of the development period, with lesser numbers before and after, 
and at the peak of manufacturing as many as 10,000 personnel, or 
more, may be employed. This present requirement for manpower is 
double the amount previously needed for jet transports such as the 
Super DC-8 and advanced 707, and four times the amounts for the 
earlier 707s  and DC-8s. 

In addition, many large facilities are required, including 
laboratories, wind tunnels, static and fatigue test facilities, 
simulators, flight test facilities, and large computer complexes. 
Buildings are required for manufacturing, subassembly, and final 
assembly, as well as for the completely integrated vehicle and 
checkout function. 
those of numerous subcontractors. 
747,  Boeing has estimated use of 250 million dollars worth of 
facilities at subcontractor locations. 

Added to the prime contractor's resources are 
For example, in the case of the 
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A m a j u t  di6dmence i n  pkiRonophy exi6.th i n  .the d u 4 n  0 4  W- 
Aahy and civiLian aihcrra&t. A m i L i t a h y  a h c t ~ a 6 . t  du igned  and buLU 
&J accomplhh a mieLfah y mhaion ,  and thud phimahy m p h h  A placed 
an mibaian pW@mance.  Therefore, some degree of calculated risk is 
tolerable for the application of new technology for the first time. 
Cammmcid? & U U L ~ X  d a i g n ,  on t h e  oXhm hand, U%U~Q.A aabcty ,  pas- 
aengeh coni@/Lt, economy, and Long amvice U d e .  
airliner development normally is characterized by the incorporation 
of only those technological advancements that already have been proven 
and demonstrated, usually in military systems. 

The hunsde/r  06 technology oh h a t r d ~ ~ ~ ~  aedo d e p e n h ,  Xo a 
g&e.a,t eztent, on t h e  mix 06 m i l i - t m y  and cammehciae b u d i n a d  in 
which a12 aemnpce company h been, oh A, involved.  
195Os, for example, over 50 percent of the Boeing Company's work was 
in military development and production; today, the amount is about 
15 percent. Consequently, the transfer of hardware is less. And, 
about twenty years ago, the majority of the facilities used by a 
company, such as Boeing or Douglas, were facilities owned by the 
Government. Today, the Boeing-Everett Plant, where the 747 is pro- 
duced, is 100 percent company owned. 
business and on plant ownership, reflect trends in the hardware trans- 
fer process that will be discussed in the case studies later. 

Therefore, commercial 

In the early 

These observations, on ratio of 

BACKGROUND HISTORY 

Duh,ing t h e  7 9404, Czahduwre ;Dran~ae.h belveen c i v i l  a h l h m  
and m.iLi,tmy RRampotL;t dev&opnenA ma al3naa.t ditreclt. 7n dome WU, 
.the only  d 4 d e ~ e n c u  w a e  in inXehioh  antrangmem and e4cLipments; 
i n  oXhm c a a ,  ithe chain 06 hpovemerz t  wd6 auch .t& .Lt di6&L~dA 
t o  detctunine who bpo~boted what  dev&apmen;t. The DC-4/C-54 is one 
example of this close interrelationship. Designed as a U.S. coast-to- 
coast airliner, the DC-4's airline use was limited by the war; but 
over 1,000 flew as the military C-54. 
to the prototype XC-112A military freighter, from which the C-118, 
the DC-6, and the DC-7 later evolved. 

This basic design then led 

The military T-29 trainer and C-131 transport were involved 
in a similar interchange as part of  the Convair 240, 340 and 440 
airliner developments. 
civilian counterpart of the military C-97 transport, and the C-121 
was a military version of t h e  Lockheed 1049 Super Constellation, 
which in turn had evolved from the earlier military C-69, a version 
of the original ''Connie", the Lockheed 049. 

C i v i l  W n m  dev&opment i n  t h e  7940a and d y  19504 ae60 
bened.i;t;ted d h O m  md%Wiy dpornoted oh  w t a b m h e d  p5zn.t d a W e 6 ,  

The Boeing 377 Stratocruiser was the 
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test 6a~LtLtLe6, rnanu6acZuhLng and pmd&n methods, t o o l l n g ,  and 
d e s i g n  team exp-e. The A%U~A@L pkocess cul~b a 
c o n t i n u e d  t o  t h e  in;trroduc;tion 06 j e t  W n e t r  senvice in 1958.  

one, and i.t 

The military was the first to undertake the development of jet 
powered aircraft. 
in turbojet engine development and the demonstration of high speed 
flight already had set the stage for the large aircraft that could 
be used as commercial transports. 
F-86s, A-~Ds, B-47s, C-l35s, and B-52s - proved the technology and 
were the forerunners of the large jet airliners of today. 

By the early 1950s, the rapid advancement made 

Early military jet aircraft - the 

The Jet Age of commercial airliners began in 1954, in the 
United States, with the Boeing Model 367-80 - the prototype 
predecessor of the 707. 
examine further the application and transfer of military R&D and 
hardware to commercial aircraft development. 

The following portions of this section 

SUMMARIES OF AIRLINER CASE STUDIES 

Six case studies of airliner development were accomplished 
as a part of the RADCAP review. 
history of modern jet airliners, and two are concerned with projec- 
tions of realistic but hypothetical future civilian transport air- 
craft - a Medium STOL Transport (MST), and an Advanced Supersonic 
Transport (ASST). 
examine the reievancy aiid transfer CS mifitnry developmental efforts 
to development of the airliners. 

Four of the cases relate to the 

The primary thrust of the case studies was to 

BOEING 707 

The 8oeing 707 uu.6 f i e  6 i h t  l u q e  U.S. je.t c o m m W  
ahaa6.t designed 604 kigh ~ u b ~ o n i c  &e s p e d  ( 0 . 8  Mach m b e l t ) .  
The Boeing Mod& 367-80 um the p&oXotype doh &e 7 0 7 ,  and evo&ad 
&om Boeing e x p d e n c e  
The 8 o h g  8 - 4 7 ,  w h k h  6 h . t  6 . e ~  i n  1947,  um f i e  ~ing&e most 
i m p o u h n t  bouyunnetr .to t h e  367-80, and, i n  M n ,  .to f i e  Fokce 
KC-135 je.t &nkm and t h e  commetrciae 7 0 7 .  
entened setrvice i n  1958,  and e x p d e n c e  has p o v e d  a .to be a vmy 
s u c c e s s ~ u l  cornmen& W n a .  

the  Ah FOhCe 8-47 and 8-52 p r r o g m .  

T h e  B o w  707-120 

0 Configuration 

The high aspect ratio, 35 degree swept wing on the B-47 
provided Boeing with the extensive aerodynamic and structural design 
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data needed to build a large commercial airplane that could cruise 
at high speeds and make efficient use of the jet engine. 
flight experience also was of vital importance to the 707. 
flight data produced new information on the effects of structural 
flexibility on aileron effectiveness, and emphasized the importance 
of aeroelasticity. 
developed based on the B-47 flight results. 

B-47 
The 

New and improved design methods also were 

In developing the 707, as well as the military KC-135, 
Boeing attempted to apply all of the lessons learned in the B-47 and 
B-52 developments. 
and the provision of inboard ailerons came from the B-52. 
tion, the problems of the mechanical yaw damper, as experienced 
on the early military jets, were avoided by using a hydraulically- 
powered electronic yaw damper. 
back t o  the late B-52s. 

For example, the use of spoilers for roll control 
In addi- 

The latter, in turn, transferred 

The 707 wing was an advancement over the B-47 wing and 
had increased thickness near the root, which improved the structural 
efficiency and thereby reduced the wing weight. 
accomplished at Boeing on the B-52 wing also provided extensive aero- 
dynamic information on the effects of increased root thickness on 
lift and drag divergence and made a significant contribution to the 
707. In addition, these tests provided considerable information on 
nacelle placement and pylon design which supplemented earlier tests 
on the B-47 nacelles and provided design data needed to minimize 
drag interference between the wing and nacelles. Boeing also found 
that the stall and stability characteristics of the swept wing were 
improved by the pylons because they acted like wing fences and helped 
to reduce spanwise flow, which usually causes flow separation at 
moderate angles of attack. 

The wind tunnel tests 

0 Structures 

The interchangeable transfer of major air vehicle sections 
and components from the B-47 and B-52 to the 707 was low; however, 
the transfer of equipment and basic design experience from the B-47 
and B-52 was high. 
degree of compatibility. 
that of the KC-135 with the notable exception of the fuselage design, 
the use of 2024 aluminum alloy, and improved joint design in the 
lower wing skins for longer fatigue life. 

Between the KC-135 and 707 there was a very high 
Much of the 707 structure is similar to 

0 Flieht Controls 

The 707 aircraft flight control system derived from the 
experiences of the B-47 and B-52 bomber programs. The B-47, with 
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its swept wing, suffered the characteristic Dutch roll oscillation 
and applied an electronic yaw damper as a corrective measure, a 
device also used on the 707. The wing-pylon suspended engines, 
originally causing some configuration and performance concern, also 
had a beneficial effect, a "docile" stall characteristic of value 
to the 707. 
hydraulics which involved a transfer of technology from high perform- 
ance fighters. 

The directional control actuation was accomplished by 

0 Proriulsion 

The propulsion system for the 707 was a direct transfer 
of the military 5-57 engine, which was the first production engine 
employing the dual spool concept. 
higher compression ratio, 11.5 to 1, than other engines of the period. 
The higher efficiency of the cycle and the engine components produced 
a 20 percent reduction in fuel consumption compared with single spool, 
low pressure ratio turbojets. The extensive use of titanium in the 
rotors and static structure increased thrust-to-weight more than 10 
percent. 
and C-135 programs, and its commercial derivative, the JT-?IC, was 
ready for use on the 707. The 5-57 and JT-3 engines had a high degree 
of commonality when the commercial engines were introduced to service. 
The military program preceded the start of the commercial program by 
a number of years and uprated models were being developed concurrent 
with the commercial program. 
applied to both programs. 

This made it possible to apply a 

The Pratt & Whitney 5-57 engine had been proven on the B-52 

The experience generated was easily 

The Boeing 707-i20 made its first commercial f l i g h t  on 
October 28, 1958, more than six years after the first flight of the 
B-52. Development of the military 5-57 engine was started in 1949. 
Thus, prior to the first commercial flight, more than 68,000 hours 
of engine development testing were completed, and military airplanes 
had completed more than three million engine flight hours. 
imately 400 million dollars were spent by the military on 5-57 engine 
development. 

Approx- 

0 Avionics 

The direct transfer of avionics equipment from the military 
was moderate. 
commercial vendors; however, the vendors used basic military designs 
to produce the equipment. The cost savings were considerable since 
the vendor did not have to qualify his product to military require- 
ments. 
accordance with contractor specifications requiring that all vendor 
produced communications systems be FAA certified in accordance with 

Boeing procured electronic systems directly from 

The communications radio systems were vendor supplied in 
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the applicable ARINC (Aeronautical Radio Inc. - a company sponsored 
by the airlines to prepare avionics specifications in accordance 
with FAA requirements) characteristics. About 50 percent of the items 
of navigation equipment in the 707 were derived directly from military 
equipments. 
(in later models) were direct descendants from military equipment. 
As with communications systems, the major navigation systems were 
certified by the FAA to ARINC standards covering that system. 

However, the autopilot and inertial navigational systems 

0 Summary 

Tn AUmmarry, .Lt i~ Ceem .#at fie B o e n g  707 &aces h2 
fineage and anceshy di/rectty to the 8-47 and 8-52 bombm ptroghamb, 
and .that Boeing expdence i n  the  n t X i - W ~ y  j e t  airrcha6t phognams w 
&v&lzee Xo fie 707 devetopnenX. The Itrtan46e~~ 06 rnUL?%y .techno- 
logy and bdwahe, t~eeat ive ty    pea king, u#b vmy  kigh. 

DOUGLAS DC-8 

a Configuration 

The configuration for the DC-8 was conventional. It 
employed a thicker airfoil section designed by Douglas, based on 
data from NACA and military R&D programs. 
factured and assembled at Long Beach utilizing Air Force plants, as 
well as two new assembly buildings specifically constructed by 
Douglas for the DC-8. 
influenced by the competitive thrust of the 707, which threatened 
to take over the commercial market. Since Douglas did not choose to 
develop a prototype, a conservative approach was used in many areas. 

high lift-drag ratios and good stability could be achieved at high 

The airplane was manu- 

The DC-8 aerodynamic design was strongly 

The 35 degree swept wing on the B-47 had demonstrated that 
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I -  

subsonic Mach numbers. Douglas established a design goal for the 
DC-8 to have the same cruise Mach number as the 707 and have better 
low speed stability and control characteristics. 
study and analysis, it was decided to reduce the wing sweep to 30 
degrees and to increase the root thickness ratio compared to the 8-47 
wing. 
airfoil sections for high speed flight. This provided much of the 
data needed to reduce the wing sweep, increase the root thickness, 
and retain the same cruise Mach number as the 707. 

After considerable 

In prior work on the C-74, Douglas had investigated improved 

The DC-8 configuration was developed around the extensive 
design data that Douglas had compiled from prior military and commer- 
cial aircraft development and independent research programs. 
double slotted trailing edge flap design was based on extensive design 
data and wind tunnel tests from the XC-132, C-133,and DC-6 programs. 
Moderate application of design work accomplished on the A-3D program 
contributed to the DC-8 wing spoilers. In addition, moderate appli- 
cation from the C-133, and design data from the DC-4, C-54, C-74, and 
DC-6 aircraft, were used for the fuselage, aerodynamic controls, trim 
tabs, and aerodynamic balances. 

The 

0 Structures 

The design and development of the DC-8 utilized the pro- 
cedures and some of the equipment acquired for the structural static 
and fatigue tests of prior military programs, the A-3D, B-66 and C-133. 
An airload survey based on military requirements and prior experience 
was conducted to validate the airloads used in the design. Also, the 
Government provided the numerically controlled tooling that was employed 
in manufacturing the aircraft. 

0 Flight Controls 

i 

The flight control system of the DC-8 made maximum use of 
established technology. The primary controls were mechanical with 
hydraulic actuation being used only where manual power was insufficient, 
and then with provisions for manual reversion in case of hydraulic 
failure. 
house. 
as the basic stabilization sensors. 
like all new approaches, required about three years to reach a 
satisfactory state of service. 
by this concept, but the electronics state-of-the-art required by this 
embodiment was inadequate at that time. 
surge pressure problems that occurred were successfully solved. 
Douglas engineers estimated that 40 percent of the technology used 
came from military sources, primarily its own experience with the B-66, 
X-3 and A-3D aircraft. 

All mechanical and hydraulic components were designed in- 
The autopilot was furnished by Sperry and used accelerometers 

This was sound in principle but, 

The problems of rate gyros were avoided 

Hydraulic leaks and high 
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0 Pronulsion 

0 Summary 
~ In aummmql, ,the majm rniX.Xahy comXibuCiunn Ro -the VC-8 

No him- m-g 
p a g u m  ~ q n e  t h e  technology b u e ,  denign d&, .the engine, t(acieitieb, 
home equipnen-t and cornpone&, and e x p h e n c e .  

The initial DC-8s used the same engine as the 707 - the 
JT-3, which was the commercial equivalent of the military 5-57 engine. 
Later versions of the DC-8 used the superior JT-4, which was the com- 
mercial equivalent of the military 5-75 engine. The engine basically 
is a scaled up version of the J-57/JT-3C twin-spool engine and has a 
pressure ratio of 12:l. The DC-8-20 transport completed its first 
commercial flight on March 6, 1960, eight years after the start of 
development of the military 5-75 (1952). More than 32,000 hours of 
engine development testing and approximately 15,000 hours of flight 
in military aircraft had been completed prior to the first commercial 
flight. The military experience, coupled with the technology trans- 
ferred from the J-57/JT-3C programs, directly benefitted the com- 
mercial JT-4 program. Government expenditures on the 5-75 engine 
were approximately $220 million by 1956. 

I BOEING 747 

0 Avionics 

About 60 percent of the avionics equipment incorporated 
into the DC-8 was derived from commercial equipment. 
specifications based on ARINC characteristics to cover the particular 
equipment being purchased. 
The electronics equipment directly transferred from the military 
were the AN/CRT-3 Rescue Radio Transmitter and the SCR-718 High- 
Altitude Altimeter. 

Douglas prepared 

All avionics systems were FAA certified. 

The B o ~ n g  747 development phoceeded dhom Rthe &Age backghound 
06 denign d a h  abXu.Lned on t h e  K C - 1 3 5 ,  7 0 7 ,  727  and o;thm Boeing 
phogma,  and t h e  aame d a i g n  $team I t h a t  had been dhawn t a g e t k h  t o  
W h h  on t h e  ki/r Fohce C - 5 A  p h o p o b d  dohmed Rhe backbone doh cor&& 
d o n  06 Boeing’a h g e  ;Dtanhpoht denkjn concepa. The extennive 
a d q h e n  and utirui ;tunnel Renting on t h e  C - S A  p t o p o a d  aitr~ha&t 
undoubtedty com2ibCLte.d AkjnLdicafit denign indoruna-tion doh t h e  7 4 7 ,  
although t h e  g i d  con&puXhn u m  didt(ment. 
wohh doh t h e  C - 5 A  cornpeLL?%on d e m o a t h a t e d  t h e  d m i b U y  06 t h e  
76-wheel kcgh 6Lo.b;tian main Landing g m  u e d  an ;the 747. 

Foh example, des ign 
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0 Configuration 

"he 747 aerodynamic design made effective use of an im- 
proved I'peaky'' airfoil design which provided good lift characteristics 
at high subsonic speeds. 
the buffet boundary compared to the 707 aircraft. 
tunnel testing was accomplished by Boeing before the first flight. 
By the end of 1971, almost 20,000 hours h2d been logged. A triple 
slotted flap was developed for the 747 which had its background in 
the development of the 727. 
based simulators to verify the flight handling qualities and stability 
and control. 
testing in the wind tunnel contributed to the rapid development of 
the final configuration and the early solution of problem areas. 

This airfoil section significantly improved 
Extensive wind 

Boeing made extensive use of ground- 

This procedure combined with the extensive aerodynamic 

0 Structures 

The structural design of the 747 also drew heavily upon 
the engineering background and technology base assembled by Boeing 
in designing and developing many l a rge  military and commercial 
aircraft. 
of power spectral density gust design procedures, runway roughness 
measurements for dynamic taxi loads, fatigue and fracture, and 
materials applications made significant contributions to the 747 
development. 

Their internal RED programs, particularly in the areas 

The 747 airframe made extensive use of  fiberglass panels 
and components in many areas to reduce the weight. This was a step 
forward in structures design. In addition, the large titanium gear 
extrusion was a significant advancement in landing gear design and 
also improved the structural efficiency. 

The plant facilities for the construction and assembly 
of the 747 were built by Boeing at a new site, now called the 
Everett Plant. 
using both Boeing and military facilities. 
Field and Paine Field, Edwards Air Force Base, Roswell Air Force 
Base, and Moses Lake were used. And, in producing the aircraft, 
large titanium forgings were made by Wyman-Gordon using military 
heavy presses. 

The first tests f o r  the aircraft were accomplished 
In addition to Boeing 

0 Flight Controls 

The control system of the 747 is several-fold more 
extensive than the system employed in the 707. Four independent 
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hydraulic systems are emplsyed. 
are divided so that the redundancy extends to the aerodynamic 
surfaces. 
performance will not result from a single failure, and even a 
second similar failure does not cause unacceptable control. 

The control surfaces themselves 

The redundancy is so extensive that loss of control 

The 747 control system also provides a flight director 
system which derives its signals from the same signal sources and 
computers as the automatic control. The pilot may easily monitor 
the automatic operation, may exercise control in conjunction with the 
automatic, or may assume the total guidance and control function 
without loss of orientation and with full understanding of the situ- 
ation and without switching or control transients. 
of operating controls and status monitoring has been widely practiced. 
Boeing first employed these piloting and instrumentation features 
in various degrees in the 727 and 737 aircraft. 
served as prototypes and added confidence to the 747 development. 

Simplification 

These applications 

From Boeing discussions and independent knowledge of Air 
Force and vendor programs, it is concluded that the origin of the 
control technology for the 747, including the control configuration 
and pilot features, derives directly or through other Boeing systems 
from military sources to the extent of about 50 percent. 

0 Promlsion 

The 747 engine, the Pratt, E Whitney JT-9D, was a major 
advance in turbine engine design, and many of the technical advances 
incorporated in the JT-9D Program had Government support. 
military/industry research and development program was begun during 
the early 1960s with the aim of improving the general turbine engine 
technology base. The Lightweight Gas Generator Program explored high 
performance, compact compressors and high temperature turbine design. 
Technology for this program was incorporated by Pratt G Whitney in a 
very advanced full-scale demonstrator engine designated the STF-200. 
This engine became the prototype for a new generation of high-bypass- 
rat io -engines. 

A joint 

Two major demonstrator engines evolved from the STF-200. 
One, the Pratt & Whitney JTF-17, was a competitor for the United 
States Supersonic Transport (SST) Program and the other, the Pratt & 
Whitney JTF-14, competed for the Air Force C-5A transport program 
and, although not selected for this application, was redesigned as 
the JT-9D which was chosen to power the Boeing 747. 
development began in January 1966 and the 747 first flew in commercial 
service four years later in January 1970. 
5,000 hours of engine development testing had been completed by 
Pratt E Whitney. 

The JT-9D 

At that time approximately 

Lacking a military counterpart, the opportunity to 
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discover and correct any design problems before commercial use was 
not present. During the second year of operation, the engine 
experienced a 0.35/1000 hours inflight shutdown rate with the total 
flying time of 2,458,343 hours since entering commercial service. 
Also, during this second year of operation, the engine experienced 
an unscheduled removal rate of 0.94/1000 hours. 

0 Avionics 

All of the avionics equipment incorporated into the 747 
is commercially produced by vendors and is certified by the FAA to 
applicable ARINC characteristics. However, the component parts in 
practically all of the vendor items are designed to military standards. 
In addition, the Omega and Loran navigation systems, the microwave 
instrument landing system, lightning protection systems, heads-up 
displays, the multipurpose cathode ray tube displays, warning 
systems, and integrated instruments were derived from military 
counterpart equipment. 

0 Summary 

In aummahy, t h e  B o ~ n g  747 jumbo j e X ,  U h e  the 7 0 7 ,  .tames 
much 0 6  iA  technology and devctopent bane ,to REV a c / t i v X e s  o a i -  
Mdeey ivti;tiated by m-y needs. Key t o  t he  devctopnent wtt, f i e  
phopubion a y ~ t e m ,  and Xhe kigh-bypada-hatio-Rmbo6an devdoped by 
t h e  kirr Fame pnovided the  b a ~ h  doh t h e  a o W o n  t o  the @opLeb&n 
pto blem . 
MCDONNELL-DOUGLAS DC-10 

The McVonneU-Pough PC-70 Medium Range TmnspotLt airrp&ne 
w designed an a 413 ,000  pound &c&z~t ,to Xkan6poht 270 padaengm 
and 2 ,240  c u b i c  deet 06 covlltaineftized a g o  at a p e d  0 4  Mach 0.88 
betLveen 34,000 and 42 ,000  doo t  a&Ltudeb doh abed 3,000 W C a e  
m i l e s .  
e q u i p p e d  Lui;th t h e e  G e n d  Eleca%c CF-6 ;tWLbodan engineb, ltwo 
endobed i n  pylon mounted nace.Ueb b e n d h  the wing and one mounted 
aA f i e  bdbe 06 t he  Aaie din. 
conbava;tive design go& and CtLitehia Ita minimize hhhb  and ahotLten 
devctopent  t h e ,  and um d u i g n d  t o  Zuhe advantage 06 lthe duet 
economy and Z ~ J U L A ~  c h a t r a c / t d f i c ~  0 6  lthe kigh-bypasa-~u.ztio-Rwtba~an 
engine. 

The airrpRune has a 35 degtlee bweep, @ed wing and 

The PC-70 UUA devetoped mound 

0 Confinuration 

McDonnell-Douglas designed the DC-10 wing with a "peakytt 
airfoil section which provides good lift capability at high cruise 
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speeds while reducing shock wave losses and flow separation. 
design work done by McDonnell-Douglas in support of its C-5 proposal 
to the Air Force made a major contribution to the improved airfoil 
section. 
design information on nacelle and pylon drag increments. 
wing design tapers in thickness ratio. 
compound curvature near the root section which permits an optimum 
variation of thickness ratio in the inboard region of the wing. 
This advance in structural design technique contributed to good 
cruise drag characteristics at high Mach numbers. 

The 

The C-5 proposal wind tunnel tests also contributed new 
The DC-10 

The main wing spar has a 

0 Structures 

The DC-10 has double-slotted wing flaps of similar design 
to the DC-8 and earlier Douglas aircraft. 
goes back to the development of the C-133. 
many two-and-three dimensional wind tunnel tests on the double-slotted 
flap and now has a large design data base on this type of flap system. 

This basic flap design 
Douglas has conducted 

The straight inlet and diffuser of the tail engine on the 
DC-10 was an improvement in aerodynamic design. 
specific fuel consumption because of lower inlet flow distortion. 

This improved the 

The nacelle strakes on the DC-IO improve the maximum 
lift on the wing by preventing flow separation in the mid-span region 
where the wing is highly loaded. 
a powerful vortex which sweeps high energy air above the wing down 
into the boundary layer and reduces the flow separation at high angles 
of attack. 

This aerodynamic device generates 

The results of Government-sponsored RGD in the areas of 
non-stationary aerodynamics; low level turbulence measurement, 
definition and analysis; parametric fatigue analysis; fracture 
toughness; and structural analysis programming and manufacturing 
technology were used by the DC-10 design team. 
ational experience with the A-3D and B-66, in particular the cold 
weather sonic fatigue tests conducted in Alaska on the B-66, in- 
fluenced the detail design of this aircraft. 

In addition, oper- 

0 Flight Controls 

The control system of the DC-10 is a fully powered 
system. 
level redundancy. 
acquired from prior experience and that of others. 
experiments, as well as later engineering, that explored and develop- 
ed these redundancy concepts were military in origin and began about 
1959. 

Three totally independent, hydraulic systems provide a high 
The design approach was based on technology 

The studies and 
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The autopilot for the DC-10 provided by Bendix was a 
derivative of the C-133 autopilot. 
necessity tailored to the aircraft and to the customer's required 
features, about 50 percent of the technology was a direct transfer. 
In addition to the C-133 experience, which provided Bendix with the 
first transistorized autopilot, Bendix's work with the B-58 
hydraulics actuation system was applied to the DC-10. 
the C-141 redundant yaw damper experience served as background for 
the DC-10. 

Although hardware was of 

Similarly, 

0 Propulsion 

The basic technology of the CF-6 engine, except for the 
fan system, was the same as the TF-39 engine developed under the 
military program. The TF-39 engine contract was awarded in 1965. 
The DC-lO/CF-6 made its first commercial flight in August 1971. 
Prior to the first commercial flight of the DC-lO/CF-6, more than 
30,500 hours of engine development testing were completed, 27,000 
hours as a TF-39 and 3,500 hours in the CF-6 configuration. 
ally, approximately 128,000 engine flight hours had been accumulated 
in the C-5 aircraft. Because of the similarity, the military 
experience was of great benefit to the CF-6 commercial engine, as 
attested to by an inflight shutdown rate of only O.OS/lOOO hours after 
six months of airline service totalling some 38,000 flight hours. 
During this same time period the premature, or unscheduled, removal 
rate was 0.21/?000 hews, 
for the development of the TF-39 engine. 
as a flying test bed for the CF-6 development. 

Addition- 

The Government invested $212 million 
A leased B-52 was Utilized 

0 Avionics 

There was very little direct transfer of military avionics 
equipment to the DC-10. 
vendor supplied. However, the electronics system techniques were 
to a degree derived from the military. 
of the inertial navigation system used on the DC-10 was initially 
developed for the Air Force. 
derived from military R&D. Examination of the avionics equipment 
configuration of the Douglas DC-10 airplane reveals that less than 
30 percent of the communications and navigation equipments were 
transferred directly from the military. 

All systems are commercially produced and 

For example, the technology 

The C-band altimeter and antennas also 

0 Summary 

In mmmany, t h e  McVonneU-Vougb  VC-IO incotponated a 
m a d m e  Xo t o w  amount 06 technobogy handut~~e Rnansbm bhom m-y 
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MEDIUM STOL TRANSPORT 

The Air Force's request for pEoposals for the advanced 
prototype development and test of an Advanced Medium STOL Transport 
(AMST) of C-130 size was oriented towards a military jet STOL trans- 
port that would carry a 15 ton payload, have a radius of action of 
about 500 nautical miles, opeTate in and out of unimproved 2,000 foot 
airstrips, consider the implications of FAR-36 noise standards, and 
utilize either qualified engines or engines that have been preflight 
rated. The hize 06 -the m U i - & ~ ~ g  AMST plro&.type c o d  be c o m w b t e  
Ita a comne~ciat STOL a n s p o h t  debigned 604 o p W n  i n  a 4hoh.t- 
haue high den&Lty & a n s p a n  4y~te .m.  
compahi6on befureen lthe tnLt.&q AMST prrato.type and a commaciae 
Medium STOL Tnan6paht cam2 be d e  aA thL6 .Cime h i n c e  .the rn.LU?%y 

a c t U Z h  06 a poshible c o m W  Mediwn S O L  T/ran~p&X have n o t  
g e t  been de&ined. 

Uowevm, a depci&tc 

~Itame i~ o d y  i n  the ' ' ~ p o 4 d "  &@e, and because lthe chcvr- 

0 Configuration 

Based on limited design data, the proposed military AMST 
prototype characteristics, and various parameters discussed in the 
CARD Study, a commercial Medium STOL Transport might have the following 
general characteristics: 

PASSENGERS 90 - E50 
GROSS WEIGHT 100,000 - 150,000 pounds 
ENGINE THRUST 16,000 - 25,000 pounds 
CRUISE MACH 0.8 t o  0.85 

W E  300 - 500 nautical miles 
RUNWAY LENGTH REQUIRE- 2,000 feet 
MENT 

NOISE LEVEL Meet FAR-36 Noise Standards 

IN-SERVICE DATE 1980 
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Should the military Advanced Medium STOL Transport (AMST) 
Program be approved and go on contract, the experience gained should 
be directly transferable to civil aviation. The high mounted wing 
and associated high lift devices, the turbofan engines, the flight 
control system, the landing gear, and the cockpit displays should 
have major application to any future commercial Medium STOL Transport 
development program that might be undertaken. 

Propulsion 

The Air Force also is considering proposals to develop a 
STOL demonstrator engine. This program will result in the design, 
fabrication and test of a demonstrator engine in the 20,000 to 25,000 
pound thrust range with a bypass ratio in the range of 4 to 8:1, 
a thrust-to-weight ratio of 7:1, and specific fuel consumption equiv- 
alent to the TF-39 and JT-9D engines. Engine testing could begin in 
1974, with testing (100 to 150 hours on the demonstrator engine) 
completed in 1975. 

The STOL demonstrator engine would be capable of being 
adapted to high lift devices such as externally blown flaps. The 
engine would consider FAR-36 noise criteria, have no visible smoke, 
and have lower pollutant emissions (carbon monoxide, unburned 
hydrocarbons, and oxides of nitrogen) than current turbofans. This 
demonstrator engine could provide the basis for a commercial Medium 
STOL Transport engine development. 

Upon compietion of  the  STOL demonstrator engine test, 
follow-on activity would include the  conduct of  a Prototype Preiini- 
inary Flight Rate Test (PFRT) by waiving all non-essential speci- 
fication test requirements until Military Qualification Test (MQT). 
Upon completion of the prototype PFRT, the engine would be acceptable 
as a prime propulsion system on experimental aircraft. It is estimated 
that 1500 to 1900 hours of engine testing and approximately 12 to 
20 months would be required to complete the PFRT. Followink 
completion of the prototype PFRT, a formal MQT could be undertaken. 
The MQT would involve an additional 3,000 to 6,000 hours of engine 
testing and approximately 22  to 24 months to complete. 

Avionics 

The future airborne avionics for short-haul transpor- 
tation system aircraft will be largely dependent upon results of 
development programs currently underway within the DoD and other Gov- 
ernment agencies. Though the avionics being utilized in these 
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development programs may not be directly utilized, the knowledge and 
experience gained should provide a high degree of confidence for 
adapting the test avionics to production configuration. 

0 Summary 

The knowledge and hesul% gained &om m W Y  d e v d o p -  
mea p/rogmnh naw undm conbidehation could ~. lgn i@zantey &educe the 
amount 06 advanced and pm.totype devdopment neceshahy to devctop 
and ca.t&jy a commu~&al Mediwn STOL T ~ n ~ p 0 t - t  bo& lthe hhot-t-hauR 
R h a n s p o W n  hyh.tem. 
m.ieltahy AMST p m t o t y p e  pmgmm, and the h a t r h e ,  manudacfwLing 
XechnoLogy, , tooling, and test hesu.Ux a%.z.t wutd be gained @om bo th  
t h e  AMST pha.totqpe and lthe Bih Fohce STOL demonAltha/ta& engine can- 
not be 4 p e C i & k ~ U y  .lden;ti&ied at ttkis . t h e .  Howeva, t h e  he~uLt6 
could p m v k i e  a da&z h e  and v a q  ptobably home dihect a2.ans6m 
lthat wutd be app.&abte .to t h e  d e v e t o p e n t  and prroduc;tian ob any 
6 W e  c o m m ~ ~ ~ M  Mediwn STOL T~z.an~pon;t. 

The des ign  chi*tehh & e s m  bhom t h e  

ADVANCED SUPERSONIC TRANSPORT 

Growth in civil air transportation has been provided by new 
air vehicles incorporating new technology. 
technology has resulted in productivity increases through the 
combined effect of increases in aircraft size and speed. 
phojected ghO&h 0 6  i r t t m d o v m l  Z m v d  i n  Rhe I9dCh, a need coutd 
ex&$ (oh  a new &plane wkich woued phov.ide a n  inchease  .Ln phoduc- 
. t ivLty  ion f i e  79504 .though a n  Lncnube i n  hpeed - a n  advanced 

Utilization of new 

WLth ,?%e 

aupettdonic Rhanbp0t-t. 

0 Confieuration 

Previous economic studies have shown that a new air 
vehicle of comparable weight to the Boeing 747, but capable of 
cruising at Mach 2.7, could provide twice the productivity of the 
747. 
Study Team postulates that an Advanced Supersonic Transport (ASST) 
that would provide desired productivity increases by 1985 could 
have the following general size, design, and performance charac- 
teristics. 

Based on available design and engineering data, the RADCAP 
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PASSENGERS 

GROSS WEIGHT 

ENGINE THRUST 

MACH W E R  

RANGE 

SONIC BOOM OVERPRESSURE 

RUNWAY LENGTH REQUIREMENT 

MATER1 ALS 

IN-SERVICE DATE 

AIRFRAME SERVICE LIFE 

NO1 SE 

250 - 300 
Over 500,000 pounds 

60,000 to 70,000 pounds 

2.5 - 3.5 
4,000 - 5,000 nautical miles 
2.0 psi or less 

12,300 feet or less 

Titanium and Composites 

1985 

40,000 - 60,000 hours 
Satisfy FAR-36 Noise Standards 
and EPA Environmental Require- 
ment s 

To meet a projected in-service date of 1985, a configuration 
design freeze date would have to occur by 1980, and required advance- 
ments would have to be incorporated by the freeze date. Iq?roveae??ts 
will be necessary in aerodynamics, structures, noise and air pollution 
reduction, engine characteristics, and materials; and incorporation 
of sound, practical, and demonstrated advances will be needed to attain 
a payload-to-design gross weight ratio greater than 8 percent, thereby 
making it economically viable. 
schedule for the development of an ASST. 

Figure 2 reflects a possible program 
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Figure 2 - A Postulated ASST Development Schedule 

0 Structures and Materials 

The following areas of military sponsored technology 
should provide a foundation for significant technological improve- 
ments for a supersonic transport: 

Advanced Composites 

Advanced Metallic Structures 

Controlled Configured Vehicles 

Airframe/Propulsion System Integration 
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Improved Titanium Manufacturing Techniques 

Microelectronics 

The B-1 is one of the military aircraft developments that 
has relevaricy to 8 future long-haul commercial supersonic transport. 
The B-1 blended wing/body configuration concepts will provide 
further knowledge on high speed configuration design. 
silicone fuel tank sealant was considered as a sealant for the 
terminated prototype SST and is now being used on the B-1. 
sealant material could be used and valuable experience obtained in 
providing initial application until better materials concepts are 
developed. 

The fluoro- 

This basic 

One of the military programs that will provide great 
benefit to a future ASST is the Advanced Composites Program. 
nificant weight advantages can be attained provided reliable polymer 
and metal matrix composites are established for the higher temperature 
requirements of the ASST. 
use of advanced composites must be continued in order to provide the 
confidence and know how for the designers to build efficient long 
life structures. 
composites through military programs. 

Sig- 

The design, manufacturing, and operational 

Experience is being gained on the application of 

The use of boron advanced c ~ q o s i t e   ater rials laminated 
on longerons of the B-1 will provide a vehicle on which this structural 
design approach will be tested. 
structural application of the material and could be used on the ASST 
for weight saving. Sonic fatigue design and experience will also be 
useful to a future ASST. 

This method provides a primary 

Even though the B-1 operating temperatures are lower than 
required for an ASST, they are higher than those for large airplanes 
presently operating; therefore, design, test and operational experi- 
ence at these temperatures will be useful to an ASST. 
will be used in critical areas of the B-1 structure, this vehicle 
will provide a source of continuing advancement in the titanium 
production, design information, manufacturing methods refinement, 
and joining techniques. 

Since titanium 

The first application of a 4,000 psi hydraulic system was 
incorporated in the North American XB-70 aircraft. 
operation of this type system was demonstrated. 
psi titanium hydraulic system was planned for the terminated prototype 

Satisfactory 
The use of a 4,000 
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SST, and is being used on the B-1. 
and B-1 will be valuable for a future ASST. 

Experience obtained on the XB-70 

Structural mode control was planned for the prototype 
SST. 
the structural life of the B-52. 
improve elastic mode control and rigid body control. 
gram the Load Alleviation Mode Stabilization (LAMS) was initiated. 
This mode control also provides some load alleviation and will assist 
in reducing structural weight. 

This concept generated from the military program to improve 
The program was initiated to 

From this pro- 

0 Propulsion 

A supersonic transport engine tends to be unique in that 
it has t o  accept widely varying inlet conditions and, therefore, must 
be carefully tailored to the aircraft system. 
bility is a very important factor to insure engine stability and good 
performance over the complete flight envelope and provide margins 
for inlet and engine transients. 

Engine/inlet compati- 

The cruise performance is extremely sensitive to exhaust 
nozzle installation designs. 
afterbody, and nozzle is extremely important to achieve minimum 
drag and reduce thrust losses. 
approaches: 
noise level. 
will be sized for take off and cause some range loss because they 
are oversized for cruise conditions. The other would be to install 
noise suppressors in the exhaust system which will cause some de- 
gradation in the nozzle performance. The continuing DoD-sponsored 
IRGD propulsion program and the Air Force Advance Turbine Engine 
Gas Generator (ATEGG) Project should provide the components for 
engine cores required in supersonic flight propulsion. 

Careful integration of the airframe 

The noise requirements may cause two 
one would be to limit the exhaust velocity to the desired 
This approach will cause extremely large engines which 

0 Summary 
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DEVELOPMENT RELEVANCY TRENDS AND OBSERVATIONS 

The m-y techno logy  and handme d e v b p e d  doh the post- 
WotLed Lcratr 11 6wep.t wing jct powmed ai~~cna6-t mov,ided .the bas& doh 
and m u n b  by wkich .the 6 h . t  commuuGal aubsovLic j a t  Zz.an~poh.12 w m e  
devetoped and pmduced. These aircraft, represented by the Boeing 
707 and Douglas DC-8, gained immeasurably from the B-47 swept-wing 
technology, the Pratt E Whitney 5-57 engine, military avionics 
subsystems, and other niilitary development programs. 

A hedua%n in h g e  rnLLLtmy ~~~t devetopment beginning 
i n  $he mid-19506 dh in inhed t h e  Rnanddett 06 hmdume $0 C i v 2  a&- 
W@. 
base from other military advanced development efforts, independent 
research and development, and Government laboratory R&D programs. 

The aircraft industry maintained its aeronautical technology 

Fhom the genehae design po in t  0 6  v i w ,  Xhe devetopment ob t h e  
Qange "cuide body" j a t  .?%ndpohtd keqccirred no majoh n w  technotogy 

. *a*  . othm lthan fie w e  high-bypass-natio .tuhbo6an engine. A Ceosm 
s W n y  06 t h e  des ign a p e d  06  modan je;t .&.un6pom, howevm, 
h63Mtd.b XhaX f i e  ai/L&.~~ne, phopubion, ha&ng qua.&%A, and 
avionics have incohpoha&d A e v w  new @aAu~es. 
design features, such as improved airfoil sections, titanium 
structures, augmented flight control, and inertial navigation, were 
derived largely from Government and military RED. 

Many of these 

The hWe& in&&.u%on 06 VoV pkotatypes, togathen wLth majoh 
advancemed i n  R g P ,  Lcliey. d'emom&.de SLC { m i b U y  ad npe&& 
pm6otunance 06 n w  conceph.  
05 f i e  d u i g n  data and e x p d e n c e  appUcab le  $0 t h e  development 06 
n w  camma& athcnadt huch a6 h e  Medium STOL Tmn6poh.t. 

The &end i n  t h e  i9~an~6er r  0 6  M m e  and d e v b p m e n t  

Thebe acftiv&es coued p/rovLde much 

Up4tLience 6hOm f i e  ffl.ZL?WUj t o  h g e  L 0 W - W  C O m m W  a i n ~ d t  
d e v d o p e n t  has been d o w w d .  
though much fundamental work in technology is underway. 
improved subsonic commercial airliner be desired, the transfer 
could be significant. 
sonic Transport be desired, particularly by the mid-l980s, develop- 
ment effort would have to be expanded and accelerated. 

The future is uncertain, even 
Should an 

However, should an operational Advanced Super- 

Tables 10 and 11, together with Figure 3, reflect RADCAP's 
assessments of the trends in benefits accruing to civil transport 
aviation from the military "development and production" base. 
ratings are high, moderate, and low as described in the preceding 
section. 

The 

m e  Lt i~ emphasized tha..t Xhe ptrevioud a&n 1te6med 
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In general, and assuming the 1955 period, when direct transfer 
of hardware was high, as the basic time frame from which the trends 
are measured, Lt can be aeen .that ditrect akuMd6W 06 h d m e  @om 
t h e  rn.X&.vq devdayxrlent and ptroduction base han been on a down- 
uwrd a%end - d m r n  t h e  ditrect akan~6m 06 M m e  i n  f i e  7955  etrcr 
t o  t h e  l1 6i.t and piece" aku~d 6ett 06 today. 

Table 10 shows that in the 1955 and before time period, by 
the Boeing 377 example, that direct transfer was high in all areas - 
the air vehicle, propulsion and avionics. 
1958 to the DC-10 of today, the direct transfer process has declined, 
and overall assessments reflect a downward trend. 
everything except the basic engine, where the transfer rating remains 
high, and where military research and development has been funda- 
mental to all advancements. 

Then, from the 707 of 

This applies to 

Table 10 

Development Relevancy/Civil Transport Aviation 

A I R  VEHlCLE 

Conf igu ra t ion  

S t r u c t u r c s  

F:ight Control 

RCPULSiON 

Easic  Design 

To ta l  Engine 

AVIONICS 

Comunicarions 

h a v i r a t i o n  
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Table 11 assesses the probable transfer of hardware to 
possible future commercial airliner developments. In the Medium 
sIy)L Transport development, the transfer process could be high - 
almost on a par with the decade of the Fifties. This assumes, of 
course, the continuation of the current military programs in STOL 
and VTOL research and development. 
port development, however, the assessment is that direct hardware 
transfer possibilities will remain low, even though the benefits 
from military technology could be high. 
1955 era base - remains downward. 

In the Advanced Supersonic Trans- 

Thus, the trend - from the 

LW 

LOW 

, HIGH 

Table 11 

RELEVANCY 

1WXXATE 

HIGH 

HIGH 

Development Relevancy/Civil Transport Aviation 

TRENV 

___t A I R  VEHICLE 

Configuration 

Structures 

plight Control 

RCWLSTON 

Basic Design 

Total Engine 

KJroNrcs I 
Cmunications 

Navigation I 

HIGH 

HIGH 

RELEVANCY 

HIGH 

LW 

MODERArr 

MOOEPATE 

TRENO 

Figure 3 is the Study Team's overall trend assessment on the 
hardware, or development base, transfer curve. The spread in the 
curve for the future reflects the upward trend possibilities in 
Medium STOL Transport hardware transfer relevancy, as well as the 
leveling or slightly downward trend possibilities still probable 
in the long-haul transportation area. 
c o m e ,  utcee depend in a w e  rnwuhe .to $the duccuh and ptogtre6h 
06 n ie ib / ry  R6V p t o g m h  now in being,  otr p/capo~ed, and $0 .the n u  
wnmerrciae ahLinm p w g m h  .ttcZat rnigfLt be ~ltat l / ted.  

Whctt acltuaeey occwL6, 06 
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1945 199 1955 1960 1965 1970 1975 
YEAR 

Figure 3 - Military Development Cmtributions to Commercial Airliners 
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SECTION V I  

AERONAUTICAL R & D FUNDING 

This section briefly discusses some of the major funding 
levels and cost trends in aeronautical RED. An examination of 
these levels and trends shculd help to provide an understanding 
of the emphasis that has been and is being placed on aeronautical 
R&D by the various segments of the aviation community. 

The R&D dollars reflected herein include basic and applied 
research funds (referred to herein as research and technology) and 
development funds, including estimates for the construction of R&D 
facilities, military and civilian salaries, other support costs, 
and prototype aircraft development costs , including the construc- 
tion of full-scale test hardware and complete aircraft, and their 
test programs. 

1 

As used in this section, "Federal defense" funds include those 
of the Army, Navy, Air Force, Advanced Research Projects Agency 
(ARPA), the Aircraft Nuclear Propulsion (ANP) Program of the Atomic 
Energy Commission (AEC), and the RED funds reimbursed by the 
Government to industry as allowable overhead charges on procurement 
contracts. "Federal non-defense" funds include those of the 
National Aeronautics and Space Administration (NASA) and Federal 
Aviation Administration (FAA). "industry" CUnds Incfude non- 
reimbursed industry independent research and development (IRGD) and 
specific development (SD) funds, as well as those funds provided by 
universities and foundations. 

The primary source for the fiscal year funding data used in 
the RADCAP Study was the Joint DOT-NASA Civil Aviation RGD (CARD) 
Policy Study, February 1971, as updated by BOOZ, Allen Applied 
Research, Inc., in January and February 1972 for inclusion in this 
report. The funding data reported in the CARD Study as Federal 
defense funds were obtained from the "Project List" of the Five 
Year Defense Plan (FYDP), excluding such aircraft projects as bomb- 
sights, fire control systems and antisubmarine warfare equipment, 
and including such missile or space projects as Snark, Quail, 
Regulus and Dyna Soar. 
defense funds were budget documents available for those organiza- 
tions dating back through 1945. 
industry funds were discussions with various military and commercial 
aircraft, helicopter and engine manufacturers, and a review of i 
Congressional records. 

The CARD Study sources for Federal non- 

The CARD Study sources for 

Other funding and cost data contained in 
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this report were obtained from the files of various Federal 
agencies participating in this study, a general literature search, 
and discussions with several Government and industry representa- 
tives. 

AERONAUTICAL R t D  FUNDING BY SOURCE 

The long tm lthend i n  XoM U.S. a a o W d  REV a p e d -  
LA upccland. 

&emem% 04 t h e  &.tal: Fede~uzt dedense, F e d d  non-debenbe, and 
.LnduRhy. Untesh tthae LA a camphte heVerr4d i n  na;tioMae auto- 
n a ~ d  go&, .the gentvat imme i n  t h e  nwnbm 06 d o L h m  
avaleabkk (oh RSV LA expeoted Xo conaXnue, aethough 
0ccabionu.t annual decrreues m 4 k t  OCCLM. 

Figure 4 shows how the DoD aeronautical R&D funding has 
increased over the years, with rather sharp rises from 1950 to 1954 
and from 1969 to 1973, and a significant rise from 1960 to 1969. 
During the past decade and inta the early Seventies (from 1960 to 
1973), Federal defense funding increased by approximately 77 
percent, from $1.578 billion to $2.793 billion. 
is also 77 percent of the total FY-1973 anticipated expenditures 
for aeronautical R&D. 
aerrovuu.&cd ' RSV c ~ 6  a meuwLe 06  t h e  q W y  and q u a m y  0 6  t h e  
conthibultiond made fi amonau..tLcd technology, i.t can be dohecabt 
.tkt VoV conthibu;tiovt6 ab a w W &  RSV KLLU con;tinue t o  be 
4 u b s A a W  i n  t h e  ~ ~ e .  

The long tm &end A aedo upumd doh aU &ee 

The latter figure 

Thub, h in..W~p&e.tLng 6unding &ends doh 

During the same time period, Federal non-defense funding for 
aeronautical R&D increased by approximately 445 percent, from $80 
million in 1960 to $436 million in 1973. 
category, NASA's aeronautical RGD funding increased by approxi- 
mately 822 percent, from $32 million to $295 million. 
&e& and incheaed  aebo A h o d d  I L ~ A W L ~  tthat A u b A A a W  con01-L- 
b u ~ X m . 4  .to amonaukal ' RSV wiee eon.~Xnue Xo be made by Fed& 
non-dedense agencies i n  t h e  6 u A ~ ~ e .  

Within this funding 

Thud, thede 

Industry funds expended for aeronautical RFrD have increased 
only 22 percent since 1960, from $329 million in 1960 to $402 
million in 1973, less than the Federal non-defense total, after 
reading a high of $673 million in 1968. 
period of only five years, these industry non-reimbursed funds for 
aeronautical R&D have decreased by 40 percent. In addition, the 
IRW funds reimbursed by the Government to industry as allowable 
overhead charges on procurement contracts, included as part of the 

From 1968 to 1973, a 
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Federal defense funds discussed above, decreased from $481 million 
in 1968 to $273 million in 1973, a 43 percent decrease in five years. 
&Lsed on i n d ~ ~ b R n y  ~ u d n g  lev& and cuhhevtt hzduA.t&y duMding f i e n d ,  

has i n  ;the past t o  amonauticd &dznoLogicu.L advances.  
a p p w  induRny WLU! con;tnibLLte Lesb i n  f i e  & t ~ ~ e  ,than Lt 

3750 3 5 0 0 1  

3250 

Figure 4 - 

750 

I I I I I 

1945 1950 I955 I960 I965 1970 19 
FISCAL YEAR 

i 

Sources of Aeronautical RED Funds (Then Year Dollars) 

Economic escalation has had a noticeable effect on the 
purchasing power of aeronautical RGD funds, as reflected by com- 
paring Figure 5 with Figure 4.  
after the rapid build up which began in the late Forties) to the 
estimated expenditures for 1973, t h e  &end .d h.?%2! incheading do& 
a l l  ,9.mling houl tca  even wLth economic a c w o n  connkfehed.  The 
downward trend from 1954 to 1962 has been reversed during the past 
ten years to where the increasing trends are very noticeable, 

Measuring from 1954 (the high point 
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especially since 1969. These trends indicate that the total aero- 
nautical RED community and each of its elements have been provided 
with both increasing funds and increasing purchasing power over the 
years. 
noticeable decrease. 

Since 1968, however, the industry element has shown a 

FEDERAL NON-DEFENSE 

FrDEWL CLFENSE 

I I I I I 
1945 19x1 1955 . 193 1965 1970 1975 . 0 1  

FISCAL YEAR 

Figure 5 - Sources of Aeronautical RGD Funds (1973 Dollars) 

GOVERNMENT AERONAUTICAL R&D FUNDING I B Y  TYPE OF RED 

Figure 6 shows the Government aeronautical R&D funds divided 
into research and technology and development funds. After the 
sharp increase in the early Fifties, these funds remained rather 
stable until 1969, when another upward trend began. The largest 
portion of the RGD funds reflected on this chart is, of course, 
for the development of prototype and test aircraft. FbWre 6 
k i g h l i g h h  ;the h g e  p h a p o ~ o ~ - t e  hhuhe ,the Fed& d e 6 e ~ e  
agencieb conttLibL(.te ;tu bo th  t h e  R€T and developmevtt CVL~LU. 7t 
doUow6, ,then, %that m o m  technology advancement6 l v g i c u t l y  c a n  be 
expected (ham t h e  m-y bponboked p m g m b .  Ab shown &a, 
xtkis huA 0ccunne.d. 
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It is believed that funds expended for research and tech- 
nology is one measure of future benefits to be derived in aero- 
nautics. Research leads to advancements in any discipline, and 
aeronautical research accomplishments lead to hardware develop- 
ment 10 to 15 years after research is completed. 
L t y  06 heseahch and technology d u d  Ahow an incheaAing .&end 
o v a  the y W .  Federal defense's proportionate share of the 
total aeronautical research and technology funds increased from 
56.2 percent in 1968 to 65.6 percent in 1973 and Federal non- 
defense increased from 5.9 percent in 1968 to 11.4 percent in 
1973. 
ate share of the total aeronautical research and technology funds 
decreased from 37.9 percent in 1968 to 23.0 percent in 1973. 
Based on these later trends in research and technology funding, it 
appears that the Federal agencies will provide proportionately more 
of the significant contributions to advancements in aeronautics in 
the future. 

The auaieabLt- 

Although not shown in this figure, industry's proportion- 

3 5 K  

27% 

25% 
2250 
20cc 

1750 

I5C.O 
D E V E L O P H E S T  

F r D E R A L  ! O X - D € P E S S E  a- 

F E D E R A L  D E F E N S E  
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Figure 6 - Government Aeronautical R$D Puiiding [The?l Year Dollars) 
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Economic e b c d d X o n  hab had d o m w h d  06 a lev&ng e66ect on 
Govanment aetonauLLcat RSD, ab Ahown i n  F ~ L J W ~ Q  7,  &haugh b f i g k t e y  
upcuatrd &ends ahe v h i b l e  d i n c e  1 9 5 4 .  
pronounced during the last five years in "development" funds for 
both Federal defense and Federal non-defense, and in "research and 
technology" funds for Federal non-defense. Federal defense aero- 
nautical "research and technology" funds, however, have experienced 
a slightly decreasing trend during the five year period from 1968 
t o  1973 due to economic escalation, dropping from $671 million in 
1968 to $630 million in 1973. 
available fo r  "research and technology,11 believed by many to be the 
basis for the future of aeronautics, has remained almost unchanged, 
while that available for "development" has slightly increased. 

Increasing trends are more 

Thus, the purchasing power of dollars 
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Figure 7 - Government Aeronautical RED Funding (1973 Dollars) 
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AERONAUTICAL R6D FUNDING AS A PERCENTAGE OF THE GROSS 
NATIONAL PRODUCT (GNP) 

The Gross National Product (GNP) also has increased each year 

A v a y  a4ni6kcant obamvation, howeva ,  i.6 Xhat  t h e  a v d -  
since 1945, except for the two decreases experienced in 1946 and 
1949. 
abil.Lttj 06 aehonautid RSV 6 d ,  zizhen a6 a pmen?hge 06 the eveh- 
incrtea6Lng GNP, Czae 4u66aa-i a aeverre t l e v m a l  i n  f i e  60ma upluahd 
&end. Since 1954, aeronautical RED funds have been a sharply 
declining portion of the total GNP, as shown in Figure 8. President 
Nixon told Congress, in his January 1972 State of the Union message, 
that military expenses for fiscal year 1973 will amount to only 6.4 
percent of the GNP, down from 9.5 percent in 1968. This percentage 
decrease will very likely carry over into military R&D and probably 
into aeronautical R&D, and thus continue the present downward trend 
of aeronautical RFD as a percentage of the GNP. 

INDUSTRY 

1945 1950 1955 1960 1965 1970 19Ps 
FISCAL YEAR 

Figure 8 - Sources of Aeronautical RGCL Fwx!s (Percent of G N X  
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A I R C R A F T  DEVELOPMENT AND U N I T  COSTS 

The c o a t  06 developing C L i h ~ h a d t  hcln d e n  druun&cdeeq ~ L t h  
t h e  advent  06 i n c h m i n g l g  mohe phoduC/tive, complex mudetrn aihcha@. 
Aa ahown i n  Figme 9, t h e  &end d o t  cammmciae and m d % l z t g  
p o r n  ,h hteeplg u)3cucvrd. m o ,  FQutre 1 0  sham a hapidey hmUa&hg 
send i n  the coaR 06 d e v d o p i n g  m m g  &ighXm aihcta&t. 
relatively recent times, it appears that aircraft development costs 
are about the same - whether it is a transport or a fighter. Around 
1955 to 1960 it cost about $100-300 million to develop a transport 
or a fighter, and in the early Seventies it cost about $1-2 billion. 
It could be expected that the trends in development costs would 
differ between the two types of aircraft, and they do, but only 
slightly. 
since 1955, however, results in a trend very similar to the fighter 
aircraft development cost trend, being slightly lower but almost 
parallel to the fighter trend line. In addition to development costs 
for transports and fighters being approximately equal, it appears 
that their rates of increase are approximately the same. 
complex aihihamea me n d g  agnonigmou uLth d e m e ,  kcgh p a d o m a n c e ,  
complex ah@amea i n b a d a h  cln development c o a a  me c o n c a n e d .  

In 

Computing a trend line for only those transports developed 

T h ,  .&Age, 
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Figure 9 - Transport Aircraft Development Costs 
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Figure 10 - Fighter Aircraft Development Costs 
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Figure 11 shows, also in a dramatic way, how the unit price 
of civil airliners have increased over the years. 
price increases are due partially to the increased development costs 
just discussed that must be prorated to the unit sales that are made. 

Unit production 
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Figure 11 - Civil Airliner Aircraft Unit Price 



COMPARATIVE TRENDS 

Figure 12 provides a comparison of some of the most impor- 
tant cost and funding trends that apply to aeronautical research 
and development. 
Product, the cost of new aircraft development and aircraft unit 
prices are climbing more rapidly, while the funds available for 
Federal defense aeronautical R&D are rising more slowly. 
inbomnaW~n wued indicate that majm nw &.mq(Z pt0gmm.b Wiaa 
&.the d w e a m  i n  numbe 04 change signi&kantey i n  na-tme, u d e u  
home 0 4  &e *end6 me a&te/red 04 aevmed. 
could heduet in a signL@avzt 4Loudown i n  .the mbe 06 Zechnotog- 
id advancemenU made in aemwutih. 

In comparison with the rise in the Gross National 
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Figure 12 - Summary Comparative Trends 
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A I R C R A F T  DEVELOPMENT STARTS 

Reeated .to t h e  g e n d  &~nding p io tuhe  i n  aitr~ha&t develop- 
ment me ;the ptrocedwru a e d  in deveLopen t  and acqLLidXon. 
.the 1940a and 7 950a, p a t o t y p i n g  wu Rhe altandcvtd p a c e d m e  doh 
developing and I t u f i n g  ahem@ bedohe phoducfian o h d m  wme 
pkkced. In the first jet bomber competition, for example, four 
companies responded to an invitation to bid on a jet powered 
bomber capable of a speed of 500 MPH, a service ceiling of 40,000 
feet, and a combat radius of 1,000 miles. 
and all were accepted. 
idated XB-46, Boeing XB-47, and Martin XB-48. Two of these - the 
B-45 and B-47 - were accepted for production. 

U u h i n g  

Four companies responded, 
These were the North American XB-45, Consol- 

Similarly, three prototypes were involved in a penetration 
fighter competition that was conducted in 1950. 
McDonnell XF-88, the Lockheed XF-90, and North American YF-93. 
However, the outbreak of the Korean War diverted attention and 
funds to other types that were more suitable for quick production, 
and none of these prototype fighters was produced. The XF-88, 
though, became the basis for the F-101 ordered two years later. 

These were the 

Uae 06 t h e  phototyping apptoach began t o  d e d i n e  i n  t h e  1 9 5 0 ~ ,  
and i n  t h e  1 9 6 0 ~  v a y  dew ptrognamb w a e  accompficlhed i n  RLLid manna.  
U L t h  .the implementation 06 t h e  "&-bedone-bug" concept  i n  Rhe .&ut 
6~ y m ,  howevm, advanced pota t typ ing  h a  been h e - i w e d  a6 
a method 06 doing b a i n a a .  
starts of all kinds, including experimental vehicles, has declined 
rapidly in the two decades - from an average of about 15 a year 
in the early 50s, to about 6 a year in the early 60s, and to about 
3 a year in the early 70s. 
certain, and undoubtedly will depend very much on the military threat 
that develops. 

The number of new military aircraft 

What will occur in the future is un- 

Figures 13 and 14 illustrate the significant downward trend 
in the number of new aircraft starts that has been occurring. 
13 shows the number of large aircraft, those in the 100,000 pound 
and over category, that have been developed by the military in the 
Fifties and Sixties, as well as those known that should first fly 
in the Seventies. Figure 14 shows the same information on aircraft 
in the 25,000 to 100,000 pound category. Many obamvaaon6 on ;the 
impact 06 tk ib  ahend coutd be made, b u t  one m u J c g e  Ceeatr - .the 
numbm 06 new mXLtuhy a h ~ d t  p o g m  a t a m 3  han been ahanply 
deceining . 

Figure 
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Figure 13 - Military Fixed Wing Aircraft Programs 
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AERONAUTICAL RED FUNDING SUMMARY 

The following summary observations on aeronautical RGD funding 
and the trends associated therewith are derived from the data of 
the preceding discussion. 

0 The long term trend in the availability of funds for 
aeronautical RGD has been upward. 
the total - Federal defense, Federal non-defense, and industry. 

This applies to all elements of 

0 In terms of constant dollars (FY 1973), the trend is still 
upward over the years, though only slightly for all elements of the 
total. However, during the past five years, the industry element 
is experiencing a downward trend. 

0 In recent years, trends in the availability of industry 
funds for both research and development, and Federal defense funds 
for research, have been downward - in contrast to the overall up- 
ward trends. 

0 Development costs of new aircraft have been rising very 
rapidly - at a rate much greater than trends in the availability 
of RGD dollars. 

0 The rate of increase in development costs is much higher, 
and the rate of increase in the availability of aeronautical RGD 
dollars is much lower, than the rate of increase in the Gross 
National Product. 

0 Trends in development costs and aeronautical RGD funding 
availability, as well as in new aircraft program starts, indicate 
that the number of new aircraft programs in the future will con- 
tinue to decline, unless something very significant occurs in the 
cost and nature of aircraft development, or in an increased allo- 
cation of funds for these efforts. 
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OBSERVATIONS 

SECTION VI1 

STUDY OBSERVATIONS AND FINDINGS 

A number of 
vancy of military 

significant factors now are influencing 
R&D to the R&D needs of civil transport 

the rele- 
aviation. 

These factors also are influencing aviation progress and the technol- 
ogical advances in aviation that will occur in the future. 
points have been recorded as observations of the Study Team. 

0 FLUX, a v h . t i o n  hab d e v m p e d  i n  lthe UnLted S f a t e s  20 $he 
pint whetre .Lt now LA accepZed ab a basic inghf2dh.t in t h e  Amemkan 
way 06  fide.  
asZic pub l i c  auppotr;t that marrhed lthe g h o u t r  and ex&ement 06 
specXacLLeatr poghcaa, and MOW musX &ue ;the chaeeenge6 06 society on 
a patr &h o X h a  Lndu~XhLca and amvicca. 
cern for the environmental factors of noise and air-pollution now is 
having a major influence on the growth of aviation. 
of these issues on public acceptance of new aircraft and new airports 
already has been recognized, particularly by civil aviation. 
military, though, has carefully observed all that has happened, and 

the noise and air pollution problems of aircraft operation. 

and .in a h p o ~  Jtenminal ahead cmed by inmead ing  aih X J L U ~ ~ . ~ ~  ha6 
hpaated aigUti6icanZty on C i v a  a i h e i n e  ap&onA. 
military always has been concerned with the many aspects of flight 
operations in tactical and strategic operating situations, the devel- 
oping problem in civil airways congestion is adding a new dimension 
to the total problem of air traffic control. 
approach in achieving its solution should further enhance coordination 
between military and civil aviation in undertaking work on other prob- 
lems of common interest. 

These 

ffowevetr, kt m l o n g a  enjoys lthe unRimaed and e n X b i -  

For example, public con- 

The importance 

The 

- 4  lllLA~t3ry 1 - RGD efforts are increasing rapidly in the attempt to reduce 

0 Second, $he phoblem 0 6  "congeafion" on $he naCbn '4  airrccklg4 

Although the 

The need for a joint 

0 Tkihd, modehn aihcruz6Zt, whethen m-y oh d v f i n ,  have 

T U ,  i n  RwLn, has led 
become i n ~ r r e a ~ i n g l y  complex and ~ a p k i s f i c a k e d  i n  lthe chive (on h- 
p a v e d  petr60lrmance and M h e h  phoduc&Lv.Ltg. 
&I inmeaAe.A i n  COAX and acqcLinhbn &e. As a result, and 
because the availability of development funding has not risen at the 
same rate, the trend has been to fewer new aircraft programs. 
the availability of development dollars is substantially increased, 
or uniess perCOnls;Ce demands on new aircraft are substantially 

Unless 
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changed, it is expected that this trend will continue. Planning for 
new aircraft development must accommodate the realities of increasing 
cost, longer acquisition schedules, and a reduction in the number of 
new aircraft program starts. 

.ti.& and has been /tising a t e m Z y  o v a  &e y w .  
e 6 c d a A h n  6a-cbu me appeied, a a w k t  d e  i n  pwrchasing powm 

RGD funding is compared to the Gross National Product, to total 
expenditures for Government RGD, or t o  increases in aircraft develop- 
ment and production costs, the trends are unfavorable, and the pro- 
portionate balances are not maintained. 
as a percentage of the GNP or as a portion of total Government fund- 
ing for R&D, is on a downward trend. 

F i & t h ,  tthe/re now me majok miettarry in;taes;t6 i n  ah0R;t-haue 
&Uvlspoht devdLopment, boXh i n  t h e  STOL and VTOL m w .  
Medium STOL Transport prototype, the planned Heavy Lift Helicopter, 
the demonstrator and prototype engines, and related research and 
development programs are manifestations of these interests. 
military programs, providing they continue, should yield many spin- 
off benefits to civil aviation in the aircraft portion of the short- 
haul transportation system. 

Fow~tlz, .the amouwt 06 am- RSU ~unding auba&n- 

e~idevlrt, h u g h  not 1 ~ 6  gk&. However, whenever aeronautical 

When economic 

Aeronautical R&D funding, 

The Advanced 

These 

e S i x t h ,  lthe w e n t  abauce 06 a 6.inm m-y need 60a a 
nw t00ng-hau.t &uzvlspo&t, &a @ h  4ubaonic, .&anAonic, otr AupeA- 
aonic, couRd a@~.L&icavlltey .impac;t the t e c h n o t o g y  and dev&pmeMJt base 
ZhaZ kislbhicaeey has U t e d  &I t h e  bng-haue lvLea. 
military "research and technology" base is being maintained, the 
depth, relevancy, and capability af the lldevelopmentll base in long- 
haul aircraft could erode and decline. 

Although the 

And &Lv~a.Uy, any dewease &I t h e  cwen*t /r&evancy 06 mXi- 

As shown in this report, these costs have risen dramati- 

.tour9 am- ' hahdwlvre the  ne& a$ c i v i l  a v U n  could add 
even 4w.theh &I the & d y  ivtc/reasing cos& 06 &.it W n e A  d e v d -  
opnent. 
ically, and cannot help but be major considerations in any new air- 
liner development and production programs that are undertaken. 

FIND I NGS 

The findings of the RADCAP Study are listed below: 
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i n  U.S. a v m o n .  During the time period covered by this report, 
from 1925 to 1972, the military has provided the funding support for 
about 70 percent of the technological advances assessed as being most 
significant by the Study Team. 
funded about 20 percent of them, and the private sector has supported 
the remainder. 

Government civilian agencies have 

0 Eahey rndWa.hy a p p W o n  ob technaL0gica.t advances in 
accompLhking .the debense rnh4hn hab phovided .the bash bok the in  
accep;tance and u ~ e  i n  & v Z  avht ion.  The military was first to use 
about three-fourths of the advances discussed in this report. 
reflects an emphasis by the military on aircraft mission performance 
and a willingness to accept some risk in achieving this performance. 
It also reflects the stress of civil transport aviation on safety and 
passenger comfort, as well as the tendency to use new hardware and 
equipment only after it has been proven and demonstrated in military 
aircraft systems. 

This 

0 U t h a  b o n u  ebdeclts, O h  bp.in-obb benehLt.4, 06 rn.XAmy a a o -  
W C a e  REV have been extensive - rnanubac-tuhing technology and tech- 
L Q U U ,  p h o d u w n  rneXhod6, t o o f i n g ,  and plant and 2es.t bacd5Xeb.  
The availability and use of military ground and flight test facili- 
ities, for example, have been very important to growth and progress 
in civil aviation. 

0 Therni.Utuhyamnau;tccae * REV phogtuun, i n  4uppah-t ob debeue 
objec t ives ,  cuiee codnue  ;ta be 4ubh-tant2.d. 
the military aeronautical RGD Fmding and ~ m g m m  discussions of this 
report. The question of the "adequacy" or "sufficiency" of this pro- 
gram, however, for either military or civilian aviation R&D needs, 
was not addressed in this study. 

This is reflected in 

0 The h a b c h  and technolog g e n W e d  by t h e  rn-y RED 

With the possible exception of large, 
p h o g m  Luiee con;tinue Ro b e av&b %e boh c i v ~  a v m n  a p p f i m n ,  
~ b e n t i a e e y  a6 i n  .the pa&. 
long range, transonic and supersonic cruising aircraft, the relevancy 
of the military aeronautical technology base to the RGD needs of civil 
transport aviation is high, and the spin-off benefits of military 
technology should continue to be important and significant. 

0 The benelLt.4 acchwhg ;ta c i v Z  a v U n  &om .the mi.&%hy 
~ p o n ~ o r r e d  deveLo$ent and pho&&n b e ,  howeve& have dechwed 
i n  both h&~VanCe and 4npohtance. As a result of the decrease in the 
number of new military aircraft development and production programs, 
particularly in those of the large transport and large bomber cate- 
gories, the "direct" transfer of hardware and equipment from military 
to civil application that marked the early and mid-Fifties has changed 
to the "bits and pieces" transfer process of today. 
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0 I n  hnt-haut fmnspo/lltation, haweveh, Rhe dawnumd *end 
i n  $he hatLdLua/re ahan~da p h o c e ~ ~  ~halLed k e v m e ,  and h d e -  
vancy should begin a% h p l ~ o v e .  
on the relatively large number of military RGD activities 
now in progress in this area, and assumes that the current 
programs, particularly the prototype aircraft and engine 
programs, will continue t o  completion. 

This assessment is based 

0 I n  Long-hacLe &uvupoh;ta/tion, LL-tXte change a% ;the c m e n t  
kaevancy  &W .LA doke~a4X. Unless something new or 
significant should occur, the transfer of hardware and 
equipment probably will remain at the low-to-moderate 
levels of today. 
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